
This is a digital copy of a book that was preserved for generations on library shelves before it was carefully scanned by Google as part of a project 
to make the world's books discoverable online. 

It has survived long enough for the copyright to expire and the book to enter the public domain. A public domain book is one that was never subject 
to copyright or whose legal copyright term has expired. Whether a book is in the public domain may vary country to country. Public domain books 
are our gateways to the past, representing a wealth of history, culture and knowledge that's often difficult to discover. 

Marks, notations and other marginalia present in the original volume will appear in this file - a reminder of this book's long journey from the 
publisher to a library and finally to you. 

Usage guidelines 

Google is proud to partner with libraries to digitize public domain materials and make them widely accessible. Public domain books belong to the 
public and we are merely their custodians. Nevertheless, this work is expensive, so in order to keep providing this resource, we have taken steps to 
prevent abuse by commercial parties, including placing technical restrictions on automated querying. 

We also ask that you: 

+ Make non-commercial use of the files We designed Google Book Search for use by individuals, and we request that you use these files for 
personal, non-commercial purposes. 

+ Refrain from automated querying Do not send automated queries of any sort to Google's system: If you are conducting research on machine 
translation, optical character recognition or other areas where access to a large amount of text is helpful, please contact us. We encourage the 
use of public domain materials for these purposes and may be able to help. 

+ Maintain attribution The Google "watermark" you see on each file is essential for informing people about this project and helping them find 
additional materials through Google Book Search. Please do not remove it. 

+ Keep it legal Whatever your use, remember that you are responsible for ensuring that what you are doing is legal. Do not assume that just 
because we believe a book is in the public domain for users in the United States, that the work is also in the public domain for users in other 
countries. Whether a book is still in copyright varies from country to country, and we can't offer guidance on whether any specific use of 
any specific book is allowed. Please do not assume that a book's appearance in Google Book Search means it can be used in any manner 
anywhere in the world. Copyright infringement liability can be quite severe. 

About Google Book Search 

Google's mission is to organize the world's information and to make it universally accessible and useful. Google Book Search helps readers 
discover the world's books while helping authors and publishers reach new audiences. You can search through the full text of this book on the web 



at |http : //books . google . com/ 



ENGiN. 
LIBRARY 



UC-NRLF 

$B 4 b 101 



STANDARD 
INSTRUMENTS 
OF PRECISION 



1918 



C.L.BERGER&SON8 

Boston, Mass^ U.S.A. 




Digitized by 



Google 



Digitized by 



Google 



Digitized by 



Google 



Digitized by 



Google 



Digitized by 



Google 




QD 



m 

I 



s 

d • 



n 



S 8 



»4 

& 
n 



! 



n 



Digitized by 



Google 



HANDBOOK AND CATALOG 

ENGINEERING, 
SURVEYING & MINING 

INSTRUMENTS 



PART L 

A FULL DESCRIPTION OF THE INSTRUMENTS AND CONCISE DIRECTIONS 
HOW TO TAKE CARE OF AND ADJUST THEM 

PART IL 

CATALOG AND PRICE-LIST 




C. L. BERGER & SONS 

BOSTON, MASS.. U. S. A. 



CABLE address: BERGER, BOSTON 

Copyright, igi6 



Digitized by 



Google 



B3C 



All penons infringing on the Patent Rights of oar instruments or Copyright of this CiS fflaftifJ . 
and Price List will be prosecuted to the extent of the law. '^mnrnjy 



BD^^eering 

nUTOe. 

Prices — This Catalogue and Price List supersedes all former editions. 
We make no deduction from Catalogue Prices. 

Payments — Customers ordering from a distance will please remit by 
registered letter, express or P. O. money order, or draft, made payable to 
us, or tne gooas win be sent C. O.D.,the expense of collection to be borne 
by the purchaser. Accounts can only be opened with firms rated by com- 
mercial agencies or upon receipt of other satisfactory reference. 

Ordering— When goods are ordered by telegraph our code should be used 
exclusively (see back pages of catalogue), and then patrons (excepting 
states municipalities, corporations, etc.) who are not known to us should 
also wire simultaneously whether goods are to be sent C.O.D. or whether 
payment is secured by bank draft on Boston or New York. (See "Pay- 
ments," Page M op Code.) The order should then be confirmed by let- 
ter. 

Address — Please be careful to add the County and State to your ad- 
dress. 

Mail Orders — Small articles can be sent by mail, at the purchaser's risk, 
when the cost of postage, one cent for every ounce, is remitted in addition 
to the price. 

Shipping — Our instruments are carefully packed in their boxes, which 
again are placed in packing boxes, as explained under ^'Transportation of 
Instruments/^ i^3Lge 18. This insures safest delivery; and being in con- 
formity with the rules of most of the large Express Companies, also en- 
ables us to express Surveying Instruments as merchandise, thus secur- 
ing to our customers single rates. 

Cable Address, BERGER, Boston. 
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PREFACE. 



THE instraments enumerated in this catalog, and described in the Manual, are all 
of our own design and regular manufacture. Full supplies of Engineers^ and 
Surveyors* Instruments will be kept on hand. The demand is at times so great, 
however, as to exhaust our supply. • To secure an instrument in season, it is best to 
order it from four to eight weeks in advance of its intended use. Instruments varying 
from our customary designs, or those of rare inquiry, will be made to order only. 

The mechanical features of our instraments are of the most simple 
af)d mechanically perfect design and the best that modem machinery and methods 
pursued in a most modem plant, equipped and operated wholly for this purpose, can 
produce. 

The graduations of circles and verniers, being sharp, clean cut and 
easily read, are of rare excellence and in point of accuracy have no superior. 

The optical qualities of our telescopes are in keeping jdth the fine- 
ness of every other part of the instruments in higher power permissible with greatest 
illumination and sharpest definition. 

The spirit levels ground and used by us are selected in degree of sensitiveness 
so as to be strictly related to the whole character of the instruments. 

A careful perusal of our catalogs ^^^ convince that in the number of 
styles, sizes, new designs, and in the adaptation of the various instruments to the work 
for which they are intended, we offer instraments that only long training and a studi- 
ous care of the needs of the engineering and surveying profession in all lines of practi- 
cal- application in the field, can produce. 

Styles and sizes of the many kinds of instruments enumerated in this catalog 
cannot be varied from, since all the standard patterns from which the different parts 
are cast are made of brass to insure best and uniform results. Any change from them 
often would entail only extra expense, and lead to the sacrifice of other and equally 
important advantages, without securing to the customer any material benefit. 

The combinations possible with each particular type of instrament are printed on 
the page opposite its cut, and as a rule are so complete as to meet special and general 
requirements. 

We make no pretence at manufacturing cheap instruments — our prices are 
as low as consistent with thoroughness of workmanship and the use of the best mate- 
rials. The aim of the firm in the future will be, as it has been since originally organ- 
ized by the senior member in 1871, to create an American industry in the art of mak- 
ing field instraments unsurpassed either here or abroad, bringing to the task the 
judgment and experience of maturity. 

Our full tel^raphic Code, at back of this catalog, will enable to order 
from a distance at small expense, and our patrons may rely upon being served as con- 
scientiously as if calling upon us in person. 

We take this opportunity to thank our patrons for their confidence in the 
past, and assure them that their future orders will be executed with the same care and 
fidelity as heretofore. 



€• L. BERGER & SONS. 

800290 
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CHARACTERISTIC FEATURES 
OF OUR INSTRUMENTS 

!• Simplicity in Manipulation. 

2. Lightness, combined with strengths 

3. Accuracy of division. 

4. Achromatic telescope, with high power. 

5. Steadiness of adjustments under varying tempera- 

tures. 

6. Stiffness; to avoid any tremor even in a strong 

wind. 

7. Fine workmanship throughout. 

8. Adapted to tropical and arctic conditions. 

9. Prices — EQUITABLE I 
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DESCRIPTION 

OP THE 

Essential Features of Our Instruments. 



Graduation. 



This very important part of a good instrument we guarantee exact and accurately 
center^ opposite verniers reading the same. The lines are straiglit, thoroughly 
black and uniform in width. There are two double verniers in every transit to read 
angles with great rapidity as well as to mal^e four separate readings at every sight, 
when extreme accuracy in the repetition of angles is required. The horizontal 
circle is graduated from 0° to 360® with two sets of figures, numing in opposite 
directions ( unless ordered differently,) and the verniers are marked A and B • The 
ligures are large and distinct, and to avoid mistakes in reading, the figures of these 
two sets of graduations, and those on the verniers, are inclined in opposite directions, 
thus indicating the directions in which the verniers should be read. 

Instruments intended for mimng and mountain use can have the verniers so 
placed that they may be read without changing the position of the engineer aiter 
sighting through the telescope. 

Glass covers protect the arc and verniers from exposure. For ease in reading 
the verniers, we have added to most of our instruments two plates of ground fflass, 
which cast a yerv clear light on the verniers, m any position. We recommend this 
addition to all of our more complete transits. 

The graduations on our transits are either on brass and silvered, or else gradu- 
ated on solid silver. The former we can only recommend for the more ordinary 
instruments, since imperfections in the brass or composition castings frequently 
impah: the graduations, and the silvering is apt to tarnish with time and exposure^ 

To graduate on solid silver adds $10 to the iirst outlay for the instrument, but its 
many advantages, great permanency and smootliness of surface render it the only 
satisfactory sur&ce for fine graduations. 



The Telescope. 

All of its lenses are ground especially for us, by the best opticians. The teles- 
cope is perfectly achromatic^ and designed to furnish a large, flat field of view with 
high power and yet without loss of light. For this purpose the curves of all our 
lenses are ground bv special formuIaB. The telescopes show objects right side 
up, unless ordered otherwise. « 

The object-glass has a very large aperture, and is focussed by rack and pihIon,t 
but the eye-piece is focussed by simply turning its head to the right or left in an 
improved screw-like manner. , 

Bjr a method of construction peculiar to ourselves, we are enabled to guarantee 
the Ime of collimation correct for all distances without making use of the very objec- 
tionable adjustment for the object-slide by means of inner rlnffs, which time and 
experience has proven to wear loose too readily, thus rendering this adjustment 
worse than none at all. 

The eye-pieces are thoroughly achromatic, and their lenses are mounted in such 
a perfect manner (a method also peculiar to us) as to require no fUrther adjustment 
with regard to the axis of telescope. 

*It should be remembered that the focal length of the object glass is limited in engineering instruments and 
that a high power is obuined only at the sacrifice of light. To obtain the fullest satisfaction, telescopes intend- 
ed for close work, as in stadia measurement, etc., should invariably be ordered to be inverting. The 
brilliancy with which objects appear in such a telescope, owing to the amount of light gained by 
saving two lenses in the eve<piece is very marked as compared with one of the same power and focal lenftb 
showing objects erect. 

tThis rack and pinion motion is now so placed upon our telescopes that it Is more easy of access by either 
hand than when placed at the side, as shown in most of our cuts. 
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The telescope of the transit reverses at both the eye and object ends, and is 
thoroughly balanced when focussed for a mean distance. 

The telescope of the wye and dampy level is also balanced ectch way from the 
center of the vertical axis when focussed for mean distance and with the suiirshade 
attached to it. 

Spirit-Ljevels. 

The Spirit Levels used in our instruments are carefully ground, filled and tested 
by 118 in person. 

Those for the highest class of engineering work are sometimes provided with an 
air chamber by which the length of the bubble can be regulated according to tem- 
perature. The levels for astronomical instiumeuts have air chambers, and are filled 
with ether, but in field instruments ether is not admissable, owing to the high 
degree of expansion and contraction in that fiuid with changes of temperature. 
For these we use a composition fluid that we have found to be more sensitive and 
quick-acting than that used in instruments we have seen of other makers. 

Our astronomical levels are so ground that a depression through one second of 
arc causes a displacement of the bubble through about s of an inch. The curva- 
ture or sensitiveness of our levels for field instruments we adapt carefully to the 
instruments and the kind of work to which they are to be applied. With too sen- 
sitive a level the position of the bubble would be too uneas;^ to work with, while 
too low a sensitiveness would not reveal the full qualities of an instrument. Persons 
ordering instruments of us will confer a favor by stating for what purpose they are 
intended, whether for water works, for railroads, or lor general use, so that we 
can use our Judgment for their benefit. 

Gradienter Screw. 

[Seepage 4S\ 

This is attached to the clamp of telescope of all of our transits except the plain 
transit. This attachment was first introduced by Prof. Stampfer, of the Vienna 
Polytechnic School. It does not add to the weight of the instrument, and once 
used we have found it to be universally approved by our customers. By means of 
it grades can be established, and horizontal distances^ vertical angles and differences 
of level can be measured with great rapidity. Indeed this attachment to an en- 
gineer's transit is one of the most useful introductions in practical engineering. 
It is so universal in its application to railroad and general work, that when once 
used it will afterwards form an indi^pensible part of an engineer's outfit. 



Fixed Stadia Wires for Distance Measurements. 

We have specially devised an optical and mechanical apparatus for the purpose 
of placing fixed, or non-adiustable stadia wires so accurately upon the diaphragms 
of our telescopes that their distance apart will read 1^ : 10(/ f on any leveling rod, 
as with the gradienter screw, thus dispensing with a special rod. 

It is well known that adjustable stadia wires are so apt to change their distance 
apart with every change of temperature, that no reliance can be placed upon them 
unless previously adjusted. With fixed stadia wires, annoyances of this kind are 
obviated — they are reliable at all times. 

As regards the degree of accuracy attainable by the use of fixed stadia wires, 
experiments with our powerful telescopes, made optically as perfect as the most 
advanced optical and mechanical skill enables us, warrant to say that with some 
experience and proper care the results obtained will approximate and even equal 
those obtained by chain measurements. The price for this accessory in any new 
instrument is only $3.00, but if inserted into a telescope sent to us for that purpose, 
we must charge $10.00. We advise to order both the gradienter screw and the 
fixed stadia wires, as each in itself, separately or jointly, will prove of great value. 

t In all stadia work, the Instrument constant, which is the distance from the center of the instm* 
menf to a point in front of the object-glass equal to its focal length, must be added to every measurement^ 
whether loo or looo feet, and does not vary. 

Instrument Constant for 

Transit No. 4 invert, telescope .88 ft 

Wye Level, IS-incli erect " i.oo " 

invert. " 2.14" 

Wye lievel, 14.inch erect " 1.41 " 

._ Dumpy I.evel, 17 Mincli erect " 1.65" 

Dumpy lievel, 15-ineli invert telescope 1.12 ft. 
To find tlie Wire Constant. First lay off from the center of the instrument, the instrument con- 
stant, which is the distance from a point in front of the object-glass, equal to its focal length measured from 
the center of the instrument. Then measure off 100 feet and place the rod truly vertical at this distance. 

Determine the space on the level rod intercepted by the stadia wires. The difference between this read- 
ing and one foot will be the wire constant, which may be plus or minus, and this constant must be applied t* 
every 100 feet measured, the amount varying with the distance measured. 
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Transit Nos. 1, 6 and 11 erect telescope 1.15 ft. 

** ** " " ** invert. " 1.37 " 

Transit Nos. », 3 and 6 erect " .94 " 

" " " " " invert. " 1.15 '* 

Transit No. 4 erect " .74 ' 



Tangent Screws. 

These are made of Aluminum bronze, or phosphor bronze, and sometimes of ger- 
man silver, and are provided with strong spiral springs of german silver, which take up 
all the dead motion, no matter how long the screw may be in use, or how worn. 
They are less liable to get out of order, by blows or accidents, than any of the ex- 
isting tangent screws, and require little or no attention on the part of the engineer. 
There ia no strain on either plate when the instrument is clamped, so that the levels 
are imaffected. They are set and t\imed with the greatest ease^ following the move- 
ments of the finger instantaneously with mathematical precision, and do not scratch 
the plate in revolving instrument. We confidently reconmiend this form of con- 
struction to those who have not used our instruments, as the best possible; super- 
seding the usual methods by means of two opposing screws, or ball tangent screw, 
great^ in point of convenience and accuracy, and equaling them in point of steadi- 
ness. By this construction we are also able to fit our upper and lower circle plates 
so snugly that it is impossible for dust to enter between them. Our leveling instru- 
ments have the clamp and tanp^ent screws so placed that they can be reached by 
either hand with the same readiness. 



The Compass. 

The Compass circles are graduated to half degrees in quadrants from 0^ to 90^. 
The needles are made of superior steel, and tempered all over. A coU of fine wire 
attached to the end pointing South balances the needle for our latitude, which must 
be re-balanced if the instrument is used further north or south of this latitude, and 
must be entirely reversed if used on the southern hemisphere of our earth. At a 
cost of $10.00 a variation plate can be placed upon our surveyors' transit to set oft 
the variation of the needle for any particular locality. A stationary pointer Just 
above the graduated ring at the North end, and protected by the glass cover of the 
compass, Indicates the line joining the vertical plane of the Ime of collimation of the 
telescope. By means of a milled-headed screw and clamping nut, serving both as a 
handle and a clamp-screw, the graduated ring can be turned past this pointer towards 
East or West as the case may require. 

If it is desired to set off the variation more closely than half degrees, say to minutes, 
this can be done on the horizontal plate. For more information concerning the oper- 
ation of the variation plate, read latter part of the article on the compass, page 44. 



Tripod. 

The form we adopt for our instruments is an improvement over what is com- 
monly termed the ^^ split leg " tripod, used extensively in Europe, which unites the 
greatest strength and steadiness with the least weight. The tripod-head is cast in a 
single casting, to avoid all small screws, as well as to attain greater stiffness. For 
the legs we use the best fine sprained white ash, taking particular pains that the 
grain of the wood runs in the direction of the leg. They are still fUrther guarded 
against all possible accidents by wooden tongues inserted at their top. When 
fuded, our tripod is better adapted than the ordinary form, for carrying on the 
shoulder without irritating the place on which it rests. The good qualities of this 
over the ordinary round leg tripod provided as that is with unyielding brass cheeks 
to "tighten" the legs, are so great that there is but one opinion regarding its real 
advantages, and we gladly bear the greater expense incurred in its manufacture. The 
oast-steel shoes have projections for the foot, to aid in pressing the legs into the 
ground. Our levels and transits both fit the same tripod, and are of equal length. 



Shiftingr Tripod. 

We have also adapted to all our engineers' transits the shifting tripod or shifting 
center^ by which, after an approximate setting of the tripod, the transit can be 
immediately brought over a point on the ground. This device we also attach to 
our instruments with three leveling screws in a most perfect and simple manner, 
and without impairing their steadiness and portability. 

Adjustable Plumb-Bob. 

We ftimish with all our transits a small brass chain and hook, which are 
connected to the centers of the instruments. The cord of the plumb-bob can be 
readily attached or detached from this hook, and by means of a neat, smidl and 
simple device, (also fUmished with every instrument,) the plumb-bob can be ad- 
Justed over the ground at any height, with hardly any effort on the part of the 
engineer. 
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niumlnation of Cross- Wires 

For Mining and Tunnel Translto. 
In onr instruments this sometimes consists of a hole drilled through the transverse axis 
of the telescope, and closed at either end with small glass plates, to prevent dust entering 
the telescope. Then in the center of the telescope is placed a small adjustable reflector, 
by means of which the cross-wires can be very readily illuminated in the mine or tunnel by 
the reflection of the light of a lamp held in the hand or placed on a small table, which u 
attached to the standard. This lamp is provided with a ground lens. While this method 
is satisfactory, still the small mirror has to be placed at a point where the cone of rays 
from the object glass is small and consequently it cuts off much of the best part of the 
light, not to speaE of the weight of the lamp and table at the side of the standard and the 
heat imparted. This method is not thought to be of as good repute as it was formerlv. 
In all cases we would advise the use of our reflector, plac^ in front of the object glass m 
a tube like the sun-shade. This arrangement gives perfect satisfaction. This may be used 
in connection with an ordinary lamp or with the pocket electric lamp. 



Arrangement for Offsetting at Bight Angles. 

A perfect line of sight can be had at right angles to the telescope by perforating the 
telescope axis and covering the ends with glass plates as described in the preceding 
paragraph. By simply sighting through the axis, offsets may be conveniently estal^ 
lished without disturbing either clamp or telescope when the eye is brought close to 
the instrument ; its application is, however, limited to even ground. To use it on an 
uneven ground it is necessary to place the eye at a distance of twelve or fifteen inches 
from the instrument. The head should then be moved until the eye is in line with the 
openings of the transverse axis. An oBset can then be aligned irrespective of the height 
of the instrument. 

Quick liovellng Attachment. 

This we can apply to any of our Mining and Mountain Transits and Levelinff 
Instruments. It adds about 1 lb. to the weight. 



Protection to the Object-Slide, &c. 

A rain and dust guard for the object-slide is now furnished with all of our 
telescopes, and to insure smooth working of the object slide and telescope tube 
both are made of a non-fHction metal. The graduation of the horizontal circle, 
the centers and such other important parts that are liable to injury by the action 
of dust and water in the field-use of an instrument, are entirely protected. 

General Construction. 

In regard to the general construction of our Instruments, the deadweight is 
removed wherever it is shown to be not essential to the stiffness of the iustrimient : 
but we have at the same time strengthened the parts most likely to be injured by 
ail accident or fall. Thus the base of the standards^ the vernier plate and circle, the 
parallel plates tor leveling screws, the telescope axis^ the flanges of centers^ cross-^ar 
of level, etc., are made especiaUy rigid and provided with ribs. Instead of fiidshing 
the smaller pieces of an instrument separately and then joining them with smaU 
screws, or solder, each screw or joint being a weak place in an instrument, we have 
adopted the opposite principle, (at an increased expense to us,) and aim to unite as 
many pieces as possible in a single casting, which casting, by means of ribs is made 
as light as consistent with strength. 

We also call attention to the exceptionally hard bell-^etal and phosphor bronzs 
used for our centers and telescope axis, which are long and unyielding, and the 
remaining parts are of a composition metal, which is itself harder than hammered 
brass, or red composition, used ordinarily for centers, etc. It is more difficult to 
work, but we avoid the objectionable softer brass in its use. Experience has 
proven that soft, or hammered yellow brass is unfit for a good field or astronomical 
instrument, since it is more hable to fretting and yielding generally, and in the 
hammered state its unequal expansion and contraction at d&Terent temDeraturei 
may be so marked as to impair the reliability of the adjustments. 

Aluminum bronze containing 90% copper, is also extensively applied in our instni. 
ments on account of its great tensile strength. 

Aluminum alloyed with small percentages of silver or copper must be used with 
caution on account of its softness. (See Aluminum for Instruments of Precision 
page 23.) ' 
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The Finish. 

It is a well-known fact that the black lacquer finish has one objection. It absorbs 
the heat readily, and therefore is apt to expand an instrument unequally, and thereby 
derange its adjustments. We therefore consider it necessary to finish certain parts of 
an instrument in a bright but not glaring finish — including the upper plate and the 
telescope in the transit ; the cross-bar in the wye level, etc. All other portions may be 
finished and bronzed before lacquering. This finish gives a very fine appearance to the 
whole instrument. 

Customers desii^ing to have their instruments finished entirely in a dark metal color, 
can do so by notifying us of their wishes. 

Our Wear Resisting Leather Finish. 

The principle is borrowed from astronomical instiiiments, where it is necessary to 
cover the surfaces with some non-conducting material in order to avoid disturbances 
in instrumental adjustments caused by suddenly varying temperatures. 

We have adopted this principle with the view of securing the same results for our 
transits, wye and dumpy levels. Some of these levels are sensitive to a depression of 
a single second of arc. 

The exterior surfaces of our instruments so finished have the appearance of being 
covered with Morocco leather of a smooth and even texture. Its close-grained surface 
has a most agreeable and soft pliable touch to the hand, and eliminates the disagree- 
able feeling experienced when metallic surfaces are touched in very cold temperatures 
or in the tropics. 

Instruments finished in this manner heat up or cool down very gradually, causing a 
minimum derangement of the adjustments, and being a very dark color this finish 
unites all the advantages of bright lacquer finishes, with the convenience of having a 
dark colored instrument for use in the field, where it does not dazzle the eye of the ob- 
server in the strongest sunlight. 

Farts so treated can be handled with impunity. This finish is impervious to damp- 
ness and dryness, or mine and salt water. Dust and dirt can be washed off and candle 
grease readily removed. Neither will it fade, nor crack, being wholly unlike the anti- 
quated cloth finish introduced by our senior member in 1871. It is, indeed, entirely 
in st^rict keeping with our products. 

It is difficult to determine the wearing qualities of leather and cloth finishes of sci- 
entific instrumenta. A good finish must withstand the hard usage of years. The 
leather finish as applied to our instruments was thoroughly tested for a number of years 
before being applied to instruments sent out on orders. 

As regar& durability, it is quite equal to the bright metal finish, and is superior to 
bronze or black metal finished surfaces. This, coupled with the fact that it can be 
restored at any time, same as the cloth finish formerly applied by us (to which latter it 
is incomparably superior), enables us to unite many parts of an instrument into one 
piece or casting and thereby secure greater rigidity, lightness and a more elegant ap- 
pearance than hitherto attained in the instruments of this class as commonly designed 
and finished. The cloth finish heretofore applied will be used only to a very limited 
extent. 

Packing. 

In putting our instruments in their cases, none of them separate above the leveling 
screws. They stand erect^ and are ready for use upon unlocking the case. 

The cases are provided with rubber cushions, to check severe jarring arising from 
transportation over rough roads. 
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Care of Instruments.* 

Do not allow the legs of your tripod to play loose on the tripod head ; keep nuts 
and bolts always well tightened up against the wood. Examine the shoes from time 
to time, and sharpen them if necessary, also screw the shoes tight, if wear and tear 
loosen them. Be sure your instrument is well secured to its tripod before using it. 
Bring all four levelling screws to a seat before shouldering instrument. Let the needle 
down upon its pivot as gently as possible, and allow it to play only when in use ; if too 
far out from its course, check movements of needle carefully by means of lifter. 
Never permit playing with the needle, especially not with knives, keys, etc. Be sure 
to arrest the needle after use, and screw it well up against the glass cover before 
shouldering the instrument. 

As a rule the compass needle is balanced as nearly as possible for the 
latitude in which an instrument is to be used. If only a trifle out do not meddle, 
inasmuch as one can do more harm to the pivot than a small error from non-balancing 
would amount to, bat if the compass needle requires to be rebalanced 
proceed as follows: 

Remove the compass glass which is held down by a circular ring on top of the 
glass, which may be removed by inserting the blade of a knife where the two ends of 
this ring come together and prying gently upward. By means of a piece of beeswax 
slightly softened, the compass glass may be readily lifted. Then raise the needle up 
its entire length by means of the lifter and carefully remove it with a pair of tweezers. 
When the needle is balanced it should be as carefully placed back with the lifter up 
as before to retain the sharpness of the pivot. If the compass glass needs to be re- 
moved entirely, unfa«ten the two screws that screw the stud for the telescope tangent 
screw to the standards. DonH remove the telescope from its wyes. 

Do not clean the glass cover or the lenses with a silk handkerchief ; breathe over 
the compass-glass and reading lens i| one is used, after cleaning. Examine the but- 
tons of your coat with regard to iron that may be concealed in them, also beware of 
nickel-plated watch chains, etc. To clean the object-glass and the lenses use a fine 
camel-hair brush. If dust or sticky or fatty matter cannot be removed with the 
brush, take an old clean piece of soft linen, and carefully vnpe it off. Do not unscrew 
the object-glass unnecessarily, — this is apt to disturb the adjustment of line of colli- 
mation. The lens nearest the eye of eye-piece, as well as the front side of tiie object- 
glass, need careful brushing vni^Jine brush from time to time. 

If dust settles on cross-hairs and becomes troublesome, unscrew the eye-piece and 
object-glass, and gently blow through the telescope tube, cover up both ends and wait 
a few minutes before insertihg the eye-piece and object-glass. Be sure to have the 
object-glass cell screwed well up against Us shoulder, and then examine the adjustment 
of line of coUimation (see adjustment of line of collimation). Do not grease the ob- 
ject-slide of telescope, or screws that are exposed to dust ; use a stiff tooth-brush to 
clean slides or threads if dusty. 

To take out the eye-piece, unscrew the screw at the end of the main tube, take 
hold of the eye-piece and pull it out. 

To focus the cross-hairs, take hold of the eye-piece cap and turn it in a screw-like 
manner until cross-hairs appear distinct, and as if fastened on the object when the 
head is being moved. 

Should there bs any fretting in the telescope slide, take it out, and endeavor to 
smooth the rough part with the back of a pocket knife. 

If the focussing: slide seems to work too hard, everything else being right, 't 
is generally caused by the lubricant on the pinion hardening in cold weather, and the 
same cause may also make the focussing slide work too freely in hot weather by soften- 
ing, i. e., when not staying in place when in a vertical position. If the slide moves 
too freely it should be tightened by running out the slide to its full length, then apply- 
ing a screw-driver to the screw on top of the focussing screw and turning a very small 
part oi a turn until the required friction is obtained. If the slide works too tightly 
run in the slide, unscrew the top screw one turn, gently tap it by the screw-driver 
handle to release it, and then tighten to the required stiffness. 

To prevent the focussing slide from fretting, usually due to the inrush of air car- 
rying dust and grit when sUde is being run out causing momentarily a rarefied space, 
wrap a piece of chamois skin over the barrel in shape of tubular form and fasten by 
means of rubber bands or sewing. In an emergency fine watch-oil may be used to 
grease the slide should it continue to fret, until the instrument can be sent to the 
maker. — In case of rain during non-use, place the telescope vertical, object end up, 
and no water can enter the telescope. 

Never use emery in any form about any part of a Transit or 
a Lievely whether tangent screws, slides or centers. If anything must be used, a very 
little powdered pumice-stone mixed vdth fine watch-oil is all Uiat is advisable, and 
after grinding, then clean thoroughly. The uninitiated are advised to do no grinding 

• For additional suggestions see p. xi. ^.g.^.^^^ ^^ GoOglC 
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whatever. As a rule more harm than good comes to the instrument. It is only In 
case of emergency that such heroic treatment should be resorted to. When cleaning 
the slide and inside of main tube great care must be taken not to break the wires. 

To focus the wires sharply turn the eye-piece slightly to the right or left 
as the case may be. Remove parallax as explained on page 54. 

To clean the threads of leveling or tangent screws when working hardy use a still 
tooth brush to first clean the thi-eads of all dust, then apply a little oil, and work 
the screw in and out with alternate brushing to remove curt and all oil until it 
moves perfectly fi'ee and smooth. / 

Screws for the adjustment of cross-hairs should not be stnuned any more than 
necessaiy to insure a firm seat; all straining of such screws beyond this simply 
impairs the accuracy of instrument and reliability of adjustment. 

When in the field always carry a Gossamer wateivproof for the instrument in 
your pocket, to put over it in case of a shower or dust cloud. On reachbig office, 
after use of instrument, dust it off generally with another fine brush ; exunine the 
centers and all other principal movements to see if they run perfectly fl*ee and 
easy, and oil them if necessary ; also examine the adjustments. This will save 
expense and many hours of vexation in the field. 

Core of Centers and Gradnation. 

As the centers, the telescope axis and the graduations require greater care to 
preserve their fine qualities, perhaps it is not amiss to say a few words concerning 
their treatment. 

Upon finding that the centers do not revolve as A*ee as usual after exposure of 
the instrument in an extremely hot or cold weather, they should be cleaned as soon 
as time permits, and then proceed as follows : 

Unscrew the milled-heaid nut at the extreme end of the cylindrical tube containing 
a spiral spring, which is opposite the upper tangent screw* Do it somewhat c^iu- 
tibusly, or the spring will fiy out. Then unscrew a small cylindrical case, which 
also has a milled edge, and which is at the bottom of the centers. After unscrewing 
the nut attached to the inner center, a gentle pressure upwards will lift the vernier plate 
out from the lower part of the instrument. Take a fine camel hair brush, and with it 
clean the graduation, the verniers and the inner part of the instrument, — but do not 
rub the graduation, especiaUy not it8 edge, — then take a stick of about the same taper 
as the inner center, wrap some wash-leather slightly soaked in fine oil around it, and 
clean the insides of the sockets as carefully as possible; then remove this piece of wash- 
leather and wrap a fresh piece without oil around the stick and clean dry. Proceed 
i^milarly with the centers and their fianges. 

Before applying firesh and pure watch oil, however, care should be taken that 
not a particle of dust or other foreign matter is left in the sockets, on the centers, 
or on the fipraduation. This caution naviiig been taken, the firesh oil should be well 
distributed on all the bearing parts. It wul be well to also examine the arm of the 
clamp screw of the circle and telescope axis, and if necessary clean by removing 
washer. After the instrument is thoroughly cleaned and oiled, the nuts and springs 
screwed back to &Jirv% seat, the instrument must turn perfectly fl*ee and yield at 
the slightest touch of the hand. 

To remove dirt and oxyd that may have accumulated on the surface of a solid 
silver graduation, apply some fine watch-oil, and allow it to remain for a few hours; 
take a soft piece of old linen and slightly rub until drv, but without touching the edge 
of the graduations. If, after cleaning, the solid silver surface should show alter- 
nately brighter spots, which would interfere somewhat with the accurate reading of 
the graduation, barely moisten the finger with vaseline and apply the same to the 
surface; then wipe the finger dry and lightly rub it once or twice around the 
graduation. Avoid touching the edges as much as possible. Such cleaning, however, 
must only be resorted to when absolutely necessaiy, and then only with the greatest 
care, as it is too apt to reduce the minuteness of the graduation, and spoil its fine 
appearance. If, after such cleaning, dirt and grease has accumulated on the inner 
edge of the graduation and verniers, gently wipe clean before restoring the vernier* 
plate to« its place. Bemember, also, that the centering of the graduations of the 
circle and verniers is a most delicate adjustment to make. These should never be 
unscrewed from their flanges by anybody except a maker. 
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Care of Telescope Lenses. 

As dust and moisture, as well as perspiration from the hands, will settle on the 
surface of the lenses of a telescope, it becomes necessary that they should be 
cleaned at times. A neglect to keep the lenses free from any film, scratches, etc., 
greatly impairs the clear sight through the telescope. To remove the dimness., 
produced by such a film, proceed thus : — Brush each lens carefully with a camePs 
hair brush, wipe gently with a clean piece of chamois leather moistened with al- 
cohol, and wipe dry using a clean part of the chamois skin on every portion of the 
lens, to avoid grinding and scratching. When perfectly transparent brush again 
to remove any fiber that may adhere to the lens. The tubes in which the lenses fit 
should be brushed, and if damp should be dried ; this done, restore each lens to 
its original place as marked. To remove dampness in the main tube of the teles- 
cope, take out the eye-piece, cover the open end with cloth and leave the instrument 
in a dry room for some time. 

If an instrument has been exposed to a damp atmosphere, or water has pene- 
trated the telescope, moisture may settle between the crown and flint glass of 
which the object-glass is composed. If such is the case expose the instrument to 
the sun for a few hours, but if in the winter, leave it in a warm room some distance 
from the stove, the moisture will then generally evaporate. However, if not suc- 
cessful, unscrew the object-glass from the telescope, and heat it slightly over a 
stove or open fire. If a film settles between these glasses nothing can be done ex- 
cept sending the instrument to the maker. The two glasses form one lens only 
and must not be disturbed, as upon their relation to each other the definition and 
achromaticity of the telescope depends. Much depends also on the stability, with 
which these lenses are mounted in their cell, as any looseness between them or thei 
cell will affect the adjustment of line of collimation. — Of course, if at any time the 
object-glass has been unscrewed from the telescope, thia latter adju8tmt»nt must 
again be verified before the instrument is used. 

Additional Instructions concerning the Care of 
Telescope Lenses, etc. 

Ever since the introduction of the high power in the telescopes of geodetic in- 
struments, now used by the best makers, complaints are frequently made of 
the loss of light in such telescopes and of the hazy appearance of objects 
viewed through theua, the latter in particular when an instrument has seen service 
in the field for some time. Now, while the loss of light is wholly due to the greater 
power as compared with the low powers formerly in vogue, and to the use of erect- 
ing eye-pieces (see page 31), the "haziness" is produced principally by films 
of dirt, settled on or between the lenses of a telescope, and becomes even more 
marked as more lenses are used in a telescope. 

Perhaps it is proper to say here, that when comparisons are made between low 
and high-powered telescopes of geodetic instruments, other things being equals the 
first named, as a rule, will incite favor, because, as in spy-glasses, the image of an 
object seen through them has a brilliancy never attained by telescopes of higher 
power. But, whenever the results of stadia work, or fine levelling, as obtained with 
the more powerful telescope, are compared with those obtained by a lower power, 
it will be found that, though less brilliant, the defining power of a high-powered 
telescope is superior to the other within the customary range of distances had in 
the ordinary engineer's and surveyer*s practice. 

On the other hand, owing to the less amount of light with high powers, it is 
necessary that the fine qualities of the superior lenses required for them should be 
preserved, and on this account a more frequent inspection and a more careful 
treatment of them is needed than when lower powers are used, — inasmuch as the 
least impairment of these lenses by films, or dust, etc., will reduce the defining 
power accordingly. A little extra care, as consequent upon the use of high-powered 
lenses, is, therefore, imperative, but in so doing one is more than compensated by the 
satisfaction of having a finer and more penetrating telescope. 

To prevent an untimely settling of a film on the lenses of a telescope, and par- 
ticularly that apt to form on the iimer surfaces of the lenses composing an object- 
glass that has not been cemented together — such film being so fatal in an object- 
glass because it cannot ordinarily be reached and without disarranging the cross-wire 
adjustments — the treatment of an instrument should be strictly in accordance with 
the instructions given under ** Prevention better than Cure," page 17. Unless these 
conditions are complied with, the greater efiOlcaoy of a telescope composed of 8upe> 
rior lenses will be entirely lost. , , , 

Upon finding that, after carefully cleaning the object-glass and the lenses of the 
eye-piece, the telescope is not as clear as when first received from the maker, then 
the cause of it is generally a film between the lenses of the object-glass — wo take 
for granted that the lenses are not scratched or otherwise impaired— but, as a rule, 
it takes several years (with careiul use sometimes many years) befoEe>such a film 
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has sufficiently developed to impair the transparency ot these lenses. But when- 
ever it is found that a film has settled between them, then it is best, if the distance 
is not too great, to send the whole instrument to it8 maker, and if this is not feasible, 
. then the telescope, at least, well and soft packed in a box, should be sent. 

Cemented Object-Classes. — To prevent the settling of a film between the 
lenses composing an object-glass, and to avoid disturbing reflections of light from 
their inner surfaces, such films and reflections imparting to an object viewed 
through a telescope the hazy appearance noticeable in high-powered telescopes, 
we now, since 1889, cement these lenses together, so as to form one lens only. The 
lenses so treated are more efficacious in many respects than when separated by 
three thin pieces of tin foil, as has been the custom of nearly all instrument 
makers up to date. 

The cement, however, needs some five or six months to harden, and until it has 
hardened sufficiently, an exposure to a cold atmosphere causing a greater contrac- 
tion of the metal cell than the glass, the lenses are very apt to irarp, which may 
lead to a distortion of an object, when viewed through such an objective. 

The proper treatment of an object-glass freshly cemented is to keep the instm- 
ment, when not in use, in a room having a mean temperature of about 68® F., or 
slightly above. The same treatment should be followed if it is found that the 
image formed of an object is slightly distorted ; only in this case the temperature 
in which it is kept over night should be raised to about 75® or 80® F. This treat- 
ment applies only to normally mounted objectives. If they are too tightly fitted 
the lenses cannot be restored to their original efficacy without being attended to by 
a maker. 

Object-glasses that are cemented are very apt to show some specks, or, with ill 
usage, cracks in the cement, but, unless the specks are very numerous, so as to 
cover almost the whole area of the object-glass, the opacity caused by them does 
not sensibly affect the efficacy of the telescope, and therefore need not disturb the 
mind. Our experience is that the usefulness of an instrument is greatly enhanced 
when these leases are cemented together, and that a few specks that may appear 
after an exposure from a sudden change from hot to a very cold atmosphere, or vice 
versa, are a lesser evil, as compared with the ill efltects produced by a film that in 
time will settle between these lenses if separated by pieces of tin foil, or even when 
brought in direct contact with each other, as such a film will have much the same 
effect as a fog, in preventing vision. 

When, after carefully cleanmgthe lenses of a telescope, the object-glass of which has 
its lenses separated by pieces of tin foil, it is found that the image is not as clear as 
originally, it is a sure sign that there is a film between its lenses, and that it has been 
exposed to a damp or impure atmosphere, either by injudicious use in the field, or by 
being left too long a time in the packing box, in which it is protected by cushions of 
paper or shavings, both of which attract moisture, or by storing it away in its box in 
such an improper place as a basement or cellar. Such film being noticed, it will then 
be well to send the object-glass, or much better, the telescope, or, best, if the distance is 
not too great, the whole instrument, to the maker, in order that the lenses may be 
cleaned by him, and, if deemed advisable, be cemented. The slight expense incurred 
of a few dollars will be more than justified by the advantage gained. 

When the object-glass, or telescope is returned after the cleaning or cementing of 
its lenses, the cross-wire, spirit level, and vertical arc adjustments of the instrument 
will require a thorough verification before it should be used. In case the whole instru- 
ment has been sent to the maker, these adjustments are attended to by him. If the ob- 
ject-glass has been cemented, the telescope should be watched for a year to see that there 
is no distortion of the imaee. If there is a distortion, it will indicate that the object- 
glass has been too tightly fitted, of which fact we should be informed, as also whether 
after cementmg the object-glass the instrument retains its cross-wire adjustment the 
same as before the cementing took place. If the cross-wire adjustments have to be 
more frequently made than before the lenses were cemented, it indicates that the object- 
glass is not tightly fitted to its cell ; and if such is the case it should Jbe sent to us to be 
more tightly fitted, after a lapse of about ten or twelve months, when the cement will 
have sufficiently hardened to allow of a tighter fit of the objec^glass in its cell. 

In telescopes of very high power it is of as great importance to keep the lenses of the 
eye-piece free from grit and films as of the object-glass. Therefore, whenever the tele- 
scope does not appear to be clear, the lenses of the eye-piece need most careful cleaning 
(if necessary, every four weeks). The cleaning must be done by first wiping gently 
¥rith a clean piece of old linen barely moistened with alcohol and then wiping dry, using 
a clean part of the linen on every surface of the lenses. (Please read the various 
articles on this point on pages 10, 11 ,and 31^ of our handbook and catalogue.) To re- 
move the eye-piece, unscrew the German-silver screw at the eye-end of the telescope. — 
Of course, after cleaning, every lens must be put back in its tube precisely as marked, 
and then the outer bearings of the eye-piece in the main tube must be greased with 
tallow before the German-silver screw is restored to its place. 
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Additional Suggestions Pertaining to the Care and Pro% 
tection of Instruments in Field Use. 

In field use, an instrument has to be necessarily exposed to the heat of the sun, 
and to the action of dust and water: all of these, however, singly or combined, ha/e 
a tendency to afifect its accuracy ana endurance. While our instruments in particular 
have been designed to guard against injuries resulting from exposure of this kind, 
yet glaring abuses, such as to allow it to stand for hours in the hot sun, etc., without a 
covering or shelter of some sort, may often lead to a permanent injury to its most vital 
parts. To preserve the finer qualities of an instrument, viz., the telescope slide, the 
lenses, <A6 ec^e of the grcuhmtion and vemieraf the centers, etc., any undue unequal 
expansion of the different parts should be prevented. A bag thrown over the instru- 
ment when not in use, or any shelter that can be had, is to be recommended. Wi lie 
in use, an umbrella or screen held over it will insure greater permanency of its ad- 
justments, and the results obtained will be more accurate and uniform than when 
carelessly exposed. 

To protect an instrument from the effects of salt water, when used near the sea 
coast, a fine film of watch-oil rubbed over the exposed parts will often prevent 
the appearance of oxyd. To remove such oxyd-spots as well as possible, apply 
some watch-oil and allow it to remain for a few hours, then rub dry with a soft piece 
of linen. — To preserve the outer appearance of an instrument, never use anything for 
dusting except a fine camel's hair brush. To remove water and dust spots, first use 
ttie camel's hair brush, and then rub off with fine watch-oil, and wipe dry ; to let tJie 
oil remain would tend to accumulate dust on the instrument. 

IiUbricatingr» etc. — An instrument used in a tropical or semi-tropical country, 
or during the warm season in a northern latitude, requires more frequent cleaning, 
and oiling than in the more temperate climes and seasons ; but so long as an instru^ 
ment works well and the centers revolve freely, it Is best not to disturb it. However, 
if necessary, proceed as described under ** Care of Centers, etc." A few additional 
remarks we give here : Should the centers or the object-slide commence to fret, they 
should be examined as soon as possible. Once commencing to fret, it grows worse rapidly 
and ofifsnlbimes is fhxm beyond repairing. Never use emery or emeiiy-paper on them, as 
this will cause everlasting trouble afterwards. After a thorough cleaning of the slide 
and tube (taking care not to break the cross-wires^, endeavor to smooth carefully 
the Injured parts with the back of a pen-knife, and barely apply enough tallow to 
grease the surface of the injured part. If this does not remove the trouble, a little 
scraping of the roughened parts on the slide, and, if accessible, on the inside of the 
tube, may become necessary, and apply a mere trifie of finely-powdered pumice 
stone moistened with oil. Beplace the slide and grind a little by moving it in and 
out; detm UummgJdy, and with a piece of charcoal moistened with oil smooth the parts 
thus ground on the slide. This process of grinding is a most precarious operation, 
and generally requires the hand of a skillful workman; it should be resorted to only 
in case of utmost necessity. Whenever permissible, recourse should be had to a 
maker. These remarks apply equally to the centers. 

The centers of a transit should always be lubricated with fine watchroU only, and 
after a careful cleaning ; never apply fresh oil before thoroughly wiping off old 
grit and oil. Beudered man-ow is a most excellent lubricant for instruments made ol 
brass and the many kindred alloys of copper and tin. In the varying climes of oui 
northern latitudes this lubricant becomes rigid in cold weather, and an instrument so 
treated will often become unmanageable in the field. Its application, particularly 
to the centers of a transit, is therefore restricted to the warmer zones. The use of 
watch-oil for the finer parts of an instrument, involving freedom of motion, ia 
imperative in our laJtiiudes. 

Many parts of an instrument, especially those whose metal compositions are 
closely related to each other, may sometimes cause trouble if simply oiled. If they 
begin to fret and grind, but are otherwise free from grit, etc., the judicious application 
of a little marrow may prove very beneficial, but it should be cleaned off again as 
much as possible. The rack and pinion motion and the telescope clamp should 
always be greased with marrow, but the clamp, tangent and leveling screws, should 
receive as little of it as possible in the Northern States. 

Vaseline, not having as great a tendency to rigidity under similar circumstances, 
may prove an excellent substitute for marrow, and may often be applied to level- 
oenters, where watch-oil would not give the necessary rigidity in the use of the more 
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ordinary instruments, bat it must be renewed quite often. * In the finer class of 
leveling instruments, the centers should be lubricated with oil only, as in transits. 

A great deal of annoyance is caused to the engineer if the eye-piece or the object- 
slide of the telescope move too freely in their tubes, requiring a re-focussing of the 
eross-wires and object at every revolution of the telescope in altitude. If Sie eye- 
piece can be retained in its socket, with suificient friction to keep it focussed to the 
oross-wires, no matter how much it may wabble otherwise, this imperfection (in old 
instruments) will not lead to any inaccuracy, but if there is not sufficient friction to 
keep it focussed to the wires, a little rendered tallow or marrow applied to its bearing 
surfaces in most cases will remedy this evil. Wabbling in the object-slide, however, 
leading to inaccuracy of coUimatlon, or back-lash in its rack or pinion motion, can be 
remedied only by a maker; but if the object-slide moves too freely in and out of its 
tube only, this may be remedied by applying a little tallow to the bearing parts of 
the rack and pinion, or by tightening the screw in the pinion-head. If not entirely 
successful, a thin disk made of parchment, or a thin leather-washer, both greased 
with tallow, and inserted between the flanges of the pinion-head and its socket, 
will insure the desired result. — These latter remarks apply to transit and level 
telescopes of the customary design. In telescopes, where the object-glass is mounted 
permanently to the telescope-tube, the eye-piece tube, contaming the croaa-wires, 
becomes the slide with which to focus the object. Its motion must be in a line 
parallel to the optical axis. Any wabbling in this eye-piece slide would lead to in« 
accuracy in sighting through the telescope, hence it requires the most careful 
treatment on the part of the engineer. 



Care in the Use of Spirit-Levels. 

Spirit-levels are very susceptible to the least change in temperature, as will be 
readily seen by the difference in the length of its bubble in varying temperatures. 
Hence, to guard against inaccuracies Arom this source, it is necessary that the 
babble should lengthen symmetricallv from the center of its graduated scale (sup- 
posed to be made by the maker), and that both of its ends should be read. Suffi- 
cient time must also be allowed for the bubble to settle before a reading is made. 

The fluid ordinarily used for levels is pure alcohol, and requires, according to 
curvature, diameter and length of tube and length of bubble, Arom twenty sec- 
onds to one minute to attain its equilibrium. The composition fluid used in our 
levels for fleld instruments requires only Arom five to fifteen seconds of time; those 
filled with pure ether, a few seconds only. 

A great source of error in spirit-levels, however, increasing with their greater 
sensitiveness, is occasioned by an unequal heating of the level-tube, aa the bubble 
vfUl always move towards the warmer spot or endy thereby imparting to the instrument 
an inaccurate position. This inust be attributed to a changed condition in the 
adhesiveness of the fiuid in the level-tube, and not to a change in the form of 
the tube itself. Therefore, to guard against inaccuracy resulting flrom sudden 
changes of temperature, a spirit-level, while in use, should be protected from the 
sun, and no part of it or its mounting should ever be touched with bare fingers ; 
neither should it be breathed upon, nor the face of the observer come too close to 
it. For this reason, in the finer instruments the mountings of our spirit-levels 
are cloth-flntshed, and if the levels are detachable they are provided with wooden 
handles, as the case may require, and glass covers are placed over them whenever 
deemed necessary. 

If at any time during the progress of field-work a spirit-level has been improperly 
exposed, it is best to cover it with a cloth for Arom five to fifteen minutes, before 
proceeding with farther work. 

Mounting Spirit lievels. — To prevent any undue strain and change of 
curvature in spirit levels used in astronomical instruments, they are mounted by us 
in wyes, as shown in the cuts of these instruments, and are protected from injury, or 
inaccuracy caused by the breath of the observer and other air currents, by a cover 
of glass placed over them. Such a mounting, while most suitable for such delicate 
levels, would, however, require constant attention and expose a spirit level to break- 
age in field instruments. To guard against this danger and to lessen the expense 
and weight, the spirit levels for field instruments are mounted in a brass tube; but 
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owing to the difference existing in the expansion and contraction of glass and brass 
at ditferent temperatures, a spirit level so mounted may sometimes become loose, in* 
volviug inaccuracy and unreliability of adjustment. — Upon finding that the adjust* 
ment of a spirit level in an even temperature is not as stable as desirable, the level 
fastenings, tube, screws, etc. should be examined, to see if any of them are loose. If 
the trouble is in the screws, tighten them up; but if the spirit level can be shifted in 
its tube by a touch of the finger, take it apart ; soften the plaster of paris in water, 
and remove it with a sharp pointed stick of wood. Cautiously move the spirit level 
with your finger, at first only a trifie to and fro, increasing the length of stroke little 
by little, until it can be safely taken out without breaking; ~ clean thoroughly. Gut 
pieces of white paper, of the width of the radius of the tube, and somewhat shorter 
than the length of the spirit level, but longer than the opening in the brass tube, and 
insert these of sufficient quantity at the bottom of the brass tube, to fill up the space 
intervening between the glass and the brass tube. The uppermost layer of paper 
should, however, be so wide, as to envelope the spirit level up to the opening in the 
brass tube. Now insert the spirit level, taking care not to touch the glass ends that 
are sealed up, and place the division or other marks, indicating wh»'re the level has 
been ground to a true curvature, uppermost in the brass tube. The level must be 
pushed in with sufficient friction to prevent slipping in the tube, yet not so tight aa 
to cause a crack at a subsequent low temperature, as brass will contract more than 
glass. No part of the spirit level should touch any part of the metal tube. Now 
prepare some plaster of paris with water, of tne consistency of paste, and pour in at 
each end enough to fill up the space between the end-pieces and the glass, stirring 
it sufficiently to make a perfect contact by it and the glass and the brass, but leaving 
the spirit level ends exposed. Now put the level together, and adjust as described 
elsewhere. 

There are other causes, such as centers and fianges that have been bent by falls, 
etc., or that have been worn out — unequal expansion or contraction in different tem- 
peratures of the metals employed in the construction of an instrument, or a non- 
BymmetrioEd lenghtening or shortening of the air-bubble at different temperatures —all 
of which, singly or combined, tend to impair the adjustment of spirit levels on 
faistniments. Of these we will not speak here, as it requires a most thorough mecha- 
nician and instrument-maker to trace the cause to its proper source. 

Being assured that the level is mounted as explained above, our advice is, not to 
meddle too frequently with the adjustment of a spirit level. Though it may appear 
to be out one day. it may be in perfect adjustment other days. It is the function of 
a Rpirit level to indicate the changes taking place in an instrument, so that the 
engineer may make proper allowance and apply his connections, as the character of 
his work may require. The finer an instrument, the more sensitive the spirit levels 
must be, in order to admit of corrections to arrive at closer results. As a rule, a 
spirit level that does not indicate changes taking place in an instrument, is too in- 
sensitive for the character of the instrument, and in many cases entirely unfit foe 
reasonably good work. 



Replacing: Broken Cross-Wires. 

The oross-iines in our telescopes are bona fide spider webs (except where plati 
Hum wires have been specially ordered). In case they should be broken, they may 
be restored in the following manner : clean the reticule frame of all foreign matter ; 

But it on a sheet of white paper with the cuts on its surface uppermost. Prepare a 
ttle shellac by dissolving it in the best alcohol and waiting until it is of the con- 
sistency of oil. From the spider's cocoon, (those from a small black wood-spider 
preferred), which the engineer has prudently secured at some previous time, select 
two or three webs, each about two inches long and of the same appearance. Attach 
each end of these webs to a bit of paper or wood to act as weights, and immerse 
them in water for five or ten minutes. Bemove one web from the water, and very 
gently pass it between the fore-finger and thumb nails, holding it vertically to re- 
move any particles of moisture or dirt. Stretch the web carefully over two of the 
opposite cuts in the reticule frame. Fasten one end by a drop of the shellac, — let 
fall gently from a bit of pointed wood or the blade of a penknife. Wait a moment 
for this drop of shellac to harden. See that the web is stretched tight across the 
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frame, and apply another drop of the shellac to the opposite out with its enclosed 
web. Wait several minutes before cutting off the two ends of the web, and then 
proceed in the same manner with the web which is to be placed at right angles to 
this one. 

NOTB. —The fine spider-threads used were tonnerly taken from the cocoons of the small black wood^scider; 
now, however, we obtain them from the cocoons of a species of spider found in Michigan. These threads am 
almost opaque, and not apt to relax their tightness if properly placed on the diaphragm, and as they retain their 
elasticity, they are preferable to platinum wires, which have a tendency to break, owing to their great brittle* 
ness. The best spider-threads are those of which the spider makes its nest. These nests are yellowbh-browa 
baUs, which may be found hanging on shrubs, etc. , in the late fall or early winter. The nest should be torn open and 
the e^^ removed ; if this is not done, tne young spiders, when hatched, will eat the threads. The fibers next to the 
eggs are to be preferred on account of then: fineness and darker color. As it is important to get the proper kind 
cls^ider-web, we subjoin an extract from a letter addressed to us on the subject by Prof. J. B. Davis, Uni- 
irersify of Midiigan, Ann Arbor, Mich., to whom we are indebted for our supply. 

'* The species of spider of which I send you cocoons is not difiicult to find in Ann Arbor *-Lat 42° »(/ N. 
—as far as my experience goes, and is numerous on Beaver Island, out in Lake Michigan — about 46° N.— at 
St. James. I have also always succeeded in hunting it in our Michigan woods, in places of concealment, — under 
bark of dead treek, in cracks and holes, about old stumps, logs, and the like. It is' especially partial to painted 
woodwork. It roosts high, — the higher the gable the more numerous the cocoons ; but it is also found on fences 
quite numerously, as I am led to think it b quiet rather than security this spider seeks. The body ol the female 
is three-fourths ol an inch, I guess, long, and nearly half an inch wide across the abdomen. The male is about 
the same length, but far slimmer. They are both entirely harmless. I never knew any one to get bitten by 
either, and many persons in my observation have had them freely crawling over their hands, face and body. 
They may be certainly gently handled without the least harm. They both (male and female) bear a plain 
escutcheon design on the back of the abdomen; female much the more beautiful,— in browns. Colors aU 
brown and yellowish brown. The cocoon is a snarl of webs, and is attached under ledges of window-sills, cor- 
nices, projections of gables, and the like partly sheltered places. The color of the threads you have is of a light 
corn-color, distinctly separating it from the white cotton-like cocoons so common everywhere. The threads art 
silky, not like cotton. Of late years I keep one or two nice cocoons where they can be reached. You know one 
oan wrap them in a bit of paper and carry them in the^pocket, or any such place, and they are always ready*" 



Prevention Better than Cure. 

It cannot be denied that instruments frequently meet with serious accidents 
which, with a little care on the part of the operator, could be prevented. It cer- 
tainly does not betoken proper care to leave it standing unguarded in a street, road, 
or pasture, or in close vicinity to bUisting, or to expose it unnecessarily to the burning 
rays of the sun, or to dust, dampness, or rain at any time. Such carelessness must 
inevitably result in deterioration of the accuracy and eflSciency, not to speak of the 
durability, of an instrument. 

It should be borne in mind that there are many parts of an instrument which, t/ 
i>wce impaired, cannot be restored to their original efficiency ; and when it is consid- 
ered that a conscientious maker bestows no little care, time, and expense on his 
work in order to attain a high degree of perfection, such neglect seems like a 
wanton waste of human energy and skill. 

Legs of tripods, if fitting too loose or too tight, and dull shoes are frequent 
sources of falls, and loose shoes tend to make an unsteady instrument. The test 
of the proper degree of the tightness of the legs is this, that if the leg is raised to a 
horizontal position and left free, it should gradually sink to the ground. If it. drops 
abruptly it is too loose ; if it does not sink it is too tight. 

When taking an instrument from its box, it is not immaterial where and how to 
take hold of it. To lift It by the telescope, circles, standards, or wyes is improper, 
and while it may not be attended at once with any serious consequences, yet it may 
sometimes lead to some permanent injury, and it certainly is always fraught wiw 
danger to the permanency of the adjustments. In handling, it is always best to 
place the hand beneath the leveling base. 

When mounting an instrument on the screw of its tripod, or screwing any of its 

garts together, it is important to turn the part in the direction of unscrewing until it 
I perceived by a slight jar that the threads have come to the point where they en- 
ter; the motion may then be reversed, and the parts screwed together. 

To secure an even wear of tangent and micrometer screws, they should be uaed 
equally on all portions of their lengths. 
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Oarrying an InBtrument in cold weather into a wann room, without the pro- 
leotion of its box or bag, will cause a sudden exchange of air witliin the hoUow 
spaces, and carry with it dust and other substances through the minutest openings. 
The vapor, aiso, that will thus condense on the metal surfaces, if it were not pro- 
tected, will have a tendency to settle a film on exposed graduations, making them 
Indistinct and difficult to read. 

Failure to protect the lenses of the eye-piece and object-glass of a telescope, 
when not in actual use, from the effects of moisture, dust, etc., by the covers pro- 
vided for them (eyepiece-lid and cap) will result in a more frequent settling of a 
thin film, which, Uke the fatty substance left by the touch of the fingers, greatly 
impairs the Clearness of vision. That the too frequent cleaning of the lenses must 
in the course of time be detrimental to their brilliant polish, and lead to a corres- 
ponding loss of transparency so essential to the proper working of e i?ood telescope. 
Is apparent. Too much care cannot be taken to guard the lenses, and particularly 
the inner surfaces of the lenses comprising the objective, against any film that may 
settle on them. The ill effects of such a film are especially noticeable in high-pow- 
ered telescopes of first-class geodetic and astronomical instruments. In short, it 
should be remembered that the slightest film, scratch, or dirt will, according to their 
nature and location, impair the sight through a telescope, and often render it unfit 
for accurate work. 

The glass covers protecting the compass, arc, and verniers from exposure need 
very careful brushing and cleaning, the same as the lenses, as any scratch or film 
will impair their transparency. If at any time the ground-glass shades should lose 
their pure whiteness, by either dirt or film, and will not act as iUuminatora of the 
verniers and graduation, take them out of their frames and simply wash them with 
soap and water. 

To prevent loss of magnetism in the needle of instruments provided with a com- 
pass : when storing away, allow the needle to assume magnetic North and South ; 
then, by means of the lifter, raise it from the center-point against the glass cover. 

If an instrument has met with a fall, bending centers and plates, etc., it should 
not be revolved any more, in order to preserve the graduations from still further 
injury, but recourse should be had at once to the nearest competent maJcer. 

If the box or tripod should have become wet, they should be rubbed dry, and 
the varnish should be renewed whenever found wanting. 

Loose or detached resting-blocks in the instrument-box, or any looseness of the 
Instrument in them, are very detrimental to the instrument and its adjustments. 
Cracks in the instrument-box, the absence of rubber cushions under it, worn-out 
straps and defective buckles, hinges, locks, and hooks, should never be tolerated, 
as the remedy is so easily applied by any mechanic. Such defects and imperfections 
are known to lead to injury of the instrument. 

The place where instruments are kept or stored away should be thoroughly dry 
and free from gases. The placing of fused chloride of calcium, or caustic lime, in 
an open vessel in the instrument-box is to be recommended where there is damp- 
ness; and if the presence of sulphureted hvdrogen is suspected, then, cotton satu- 
rated with vinegar of lead, placed in the box, will prove a preventive against the 
tarnishing of solid silver graduations. 



Transportation of Instruments. 

DxTBiNO the progress of field work the more ordinary and portable transits and 
levelling instruments, etc., can generally be carried on their tripods for ease and 
dispatch. Nothing in the way of precise instructions, however, as to the best me- 
titiod of carrying an instrument : whether on the tripod, in the arm without the 
tripod — placing the hand beneath the leveling base — or in the box, can be sug- 
gested here. The nature of the ground, the surroundings, the size and weight, and 
the distance to be traveled over, and last but not least the fineness of the instru- 
ment, will dictate to the engineer the best means of conveying it from point to point 
in order to protect it from injury, and its adjustments from derangement. 
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The finer and finest classes of field instruments, such as those provided with 
mlorometer-microscopes, should always be placed in their boxes for safe conveyance 
— no matter how short the distance— for fear of improper handling, and because of 
danger of unequal expansion, temporary as it may be, of such parts as would come 
in contact with the body or fingers. 

Carrying an instrument on its tripod without slightlsr damping its prin« 
dpal motions, will wear out the centers. When carrying on its tripod, 

■t 4.«i«««^^« i in TBANSiT, when placed on a line with its centers ; 

clamp telescope j j^ ^^.^^^ when hanging down. 

When carrying an instrument in the box it is important that it be placed therein 
exactly in the position and manner designated by the maker. Therefore, upon re- 
oei^ng a new instrument, the first step should be to study its mode of packing, and 
if necessary a memorandum should be made for future guidance and pasted in the 
box. This will save time and vexation, as some of the boxes for field instruments 
must necessarily be crowded to be light and portable. 

Before placing an instrument with foui leveling screws in its box, the foot-plate 
should be made parallel to the instrument proper, and then brought to a firm 
bearing by the leveling screws. The instrument must also be well screwed to the 
slide-board, if one is provided, as is the case in most of our transits. Having put 
the instrument in the box in such a position, that no part of it will touch the sides, 
the principal motions are now to be oheofced by the clamp screws, to prevent mo- 
tion and striking against the box. WlUi Instruments not standing erect in their 
boxes, but which are laid on their sides in resting-places, padded with cloth, speci- 
ally provided for that purpose, their principal motions must not be clamped until 
the instrument has been secured in a complete state of repose in these receptacles, 
so as to be entirelv free from any strain. Care must be taken, too, that all of the 
detached parts of an instrument, as well as its accessories, are properly secured 
to their receptacles before shutting the box. 

When shipping an instrument over a long distance it is commendable to fill the 
hollow space between it and its box with small soft cushions made of paper, or of 
excelsior or shavings wrapped in soft paper, taking care not to scratch the metal 
surfaces, nor to bend exposed parts, nor to press against any adjusting screws. 

For greater safety in transportation by express, the instrument-box itself should 
always be packed in a pine- wood box one inch larger all around. For the ordinary 
size of field instrument the packing-case should be provided with a strong rope 
handle, which, like the strap of the instrument box, should pass over the top of the 
case and through holes in the sides, the knots being within the case and strongly 
secured. In cases where the gross weight of the entire package, as prepared for 
shipment in the above manner, exceeds 40 or 50 lbs., then two men should handle it, 
and two strong rope handles, one at each end of the packing-case, should be provi« 
ded. In order to check Jars and vibrations while en route, the loose space between 
the instrument-box and the packing-case is to be filled with dry and loose shavinga 

The cover bearing the directions should always be screwed on and marked in large 
black letters. Example : 

THIS SIDE UP. 

HANDLE ^WITH GREAT CAHE. 
Scientific Instrument. 

Mr. George Brown, 

36 West Street, 
Value S Cleveland^ 

Ohio, 

From JOHN SMITH, cadoaero, lUlnoIs. 
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The upper halves of the four sides also should have 'CARE' and 'KEEP 

DR Y ' marked in large letters on them. These precautious are mdispenmbte for 
safe conveyance while in the hands of inexperienced persons, as without them mes- 
sengers will often carry them wrong side up. 

The tripod needs packing simply in a close-fitting box. If not placed in a box, 
it often happens that legs or shoes are broken oflf while en route, or that the tripod 
bead becomes bent. 

Many hundreds of instruments, packed as explained above, have been shipped 
by us, travelling over thousands of miles, over rough roads, on stages and on horse- 
back ; and the instances are so rare where one has become injured (and then only 
through gross carelessness), that this mode of packing must be regarded as the 
only proper one for conveying instruments of precision by express or other public 
carriers. *^ 

Arriving at its destination, an instrument should not remain packed up with 
cushions, etc., any longer than absolutely necessary. The atmosphere in such 
boxes naturally must be close and often moist, and consequently has a tendency to 
produce the ill effects by moisture mentioned in preceding paragraphs. 



Some Semarks Concerning Instrument Adjustments. 

The mechanical and optical condition of instruments used in geodesy, and their 
adjustments, although satisfactory when they leave the maker's hand, are liable to be- 
come disturbed by use. It is therefore of vital importance that the person using an in- 
strument should be perfectly familiar with its manipulations and adjustments. He 
should be able to test and correct the adjustments himself at any time, in order to save 
trouble and expense, as well as to possess a thorough knowledge of the condition of the 
instrument. It is evident that if the character of an instrument is not properly under- 
stood or if the adjustments are considerably out, the benefit due to superior design and 
workmanship may be entirely lost. Under these circumstances an instrument may 
be little better than one of lower grade. 

In the best types of modern instruments the principal parts are so arranged that 
they can be adjuijted by the method of reversion. This method exhibits an existing 
error to double its actual amount, and renders its correction easy by taking one-half 
the apparent error. Thus errors of eccentricity and inaccuracy in the graduations are 
readily eliminated by reading opposite verniers and reversing the vernier plate 180" on 
the vertical center and taking the mean of the readings , and by repeating the measure* 
ment of an angle by changing the position of the limb so that the measurement will 
come on different parts of the graduation. The striding levels and levels mounted on 
a metal base are readily tested by reversing their position' end for end. In the 
transit plate-levels the adjustment is assured by turning the vernier plate 180*. Errors 
of the line of collimation are detected or eliminated by reversing the telescope over 
the bearings, or through the standards, as the case may be. lii short, an instrument, 
the important parts of which are not capable of reversing in one way or another, cannot 
be examined quickly and accurately. 

The adjustments of an instrument, and particularly those of its cross-wires, should 
be taken up successively in a syHtematic manner. The proper way is to select a place 
from which they can be conducted in succession without moving the instrument, as 
none of the adjustments should be completed independently of the others. This method 
is followed by the maker, and will save time and vexation. Any auxiliary apparatus 
that may be available, such as collimators, etc., will be of great service and expedite 
the work. One of the most important considerations in making adjustments (when 
the same are greatly disturbed, as when new wires are to be inserted), is to place all 
the respective parts in an approximate adjustment without introducing any strain 
except what properly belongs to the action of the adjusting scr»^ws themselves. The 
more natural the method, and the less internal strain introduced in bringing these ad- 
justable parts into position, the more lasting will be the final adj'\stments, provided the 
•ustrument is otherwise in good condition. 

It is important that all adjusting screws and nuts should fit truly on the surfaces 
against which they operate, with only a mere film of tallow between them, so as 
to insure a true metallic contact, and that they be brought to a firm bearing, yet with 
out excessive strain. Opposing screws and nuts should always work somewhat freely, 
so that one can feel when they come to a true bearing. A moderate pressure 
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applied with an adjusting pin about one and one half inches long, and held between 
the thumb and forefinger, will then make a perfect contact. For instance, after the 
opposing capstan-headed screws of the cross-wire reticule haye come to a bearing, it is 
only necessary to give them each a slight turn, say from 20» to SO^ (with the usual pitch 
of these screws) in order to insure such a tightness that a moderate pressure of the 
finger upon these screws, or an accidental gliding of the hand oyer them, cannot change 
their relative position. On the other hand, if one pair of these opposing screws be 
fastened tightly during the tentative process of adjustment, there will be, in all likeli* 
hood, at the end, an excessive strain exerted Upon the pair of opposing screws at right 
. angles, which will make itself felt at any change of temperature, or whenever any 
external pressure may be momentarily applied to them. It is but natural that these 
continual changes in the resultant pressure must affect the adjustments in a like man' 
ner. To obviate such changes the procedure should be as follows : — 

Having placed approximately in position the principal wire of an instrument : viz., 
in a transit, the vertical wire in a plane perpendicular to the horizontal axis of revolu- 
tion, in a level, the horizontal wire in a plane perpendicular to the vertical axis 
of revolution, the other wire should be approximately adjusted for coUimation, 
with the capstan-headed screws orUy moderately tighten^. This accomplished, the 
capstan-headed screws of each pair in succession should be unscrewed about one- 
quarter turn, and again screwed tight the same amount. Kow if the two pairs of 
opposing screws have exerted no undue strain upon Uiemselves, the telescope tube, or the 
wire reticule, the principal wire will still be in the perpendicular plane ; but if the screws 
liave been used too much the wire will have slightly moved out of the i)erpendiculai 
plane. Therefore all four capstan-headed screws will have to be released again, say 
about i turn, so that they may be moved simultaneously until the principal wire is 
again in a plane perpendicular to the axis of revolution, and then each pair in succes- 
sion must be again tightened an equal amount. The adjustment of the wires for colli- 
mation must now be made in turn — the less important wire should always be taken 
up first — by slightly releasing the capstan-headed screw away^ from which the wire 
must be moved, and tightemng the opposite screw the same amount, and repeating 
this process until the adjustment is gradually perfected. If during this operation either 
or both of these wires have become so much displaced that the capstan-headed screws 
have to be moved more than a quarter turn, it would be advisable to slightly release all 
four of them again, in succession, and commence anew. 

It should be said here, that the force applied by the capstan-headed screws 
cannot break or affect the tightness of the wires in any case, since the reticule, as 
made by us, although very light in weight, is of a very stiff form. Too great pressure 
exerted by the capstan-headed screws against the outer tube of the telescope may, 
liowever, change Uie form of the main tube, thereby affecting the true fitting of the 
object-slide, and creating friction of so serious a nature as to lead to the fretting of the 
object slide mentioned in other paragraphs. 

In following the above-described course, the cross-vnre reticule occupies a position 
111 the telescope free from any excessive side strain ; liie result of which is found in the 
greater permanency of these adjustments ; and although it may require a little more time 
£3r an inexperienced person to make the adjuHtments in this manner, the satisfaction 
derived from their greater permanency will more than recompense for the extra time 
spent on them. The adjustments should be made at leisure, and should not be 
meddled with, unless they appear to be permanently deranged; when, ordinarily, 
the adjustments will merely require a very slight turn of the capstan-headed screws 
and opposing nuts in the proper direction.* Unequal exposure of the instrument to the 
sun, or exposure to sudden changes of temperature, may for a time expand some 
parts more than others, so that the instrument may seem to be slightly out of ad- 
justment In such a case it would be better to stop temporarily and cover the 
instrument with a bag to allow the temperature to become equalized, instead of at- 
tempting adjustments that would need to be repeated when the instrument is 
again in a normal condition. The use of metals of different co-efiScients of expansion 
in the construction of corresponding parts of an instrument will naturally lead to a 

• 

^ We refer here exclusively to the more common instruments of American manufacture, where the 
shoulders of the capstan-headed screws bear against the outer tube of the telescope, and where the adjusting 
threads are contained in the wire reticule. I n other designs where, as in most instruments of Cont<nenta^ 
Europe, the capstan-headed screws are made to butt aeainst the wire reticule, the capstan-headed screws 
taoMrels which the wire mu«t be moved, must first be loosened. In the latter case this action is identical 
with that of opposing nuts used for the adjustment of most telescope levels on American instruments. 
« See page 58. 
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permanent derangement of adjustment ; such also will be the case when the temperature 
of an instrument is greatly altered after the adjustments have been completed. A 
similar result is caused if the bubble of a spirit level should not lengthen symmetrically 
from the center of its graduated scale in varying temperatures. These imperfections, 
however, seldom occur in Instruments of modem make (or if they occur, they are gener- 
ally caused because the principal constituents, glass and metal, are substances of 
vndely differing co-efficients of expansion), and are generally so slight in well made 
instruments, as to be of little practical value, and may be overcome by adjusting the 
instrument while at a mean temperature of an entire season. 

If an instrument does not remain in adjustment a reasonable length of time, the* 
cause that leads to the trouble, such as a loose object-glass or cell, loose object-slide, 
worn out screws or bearings, etc., must be found and remedied. If this is beyond the 
acope of the operator the corrections should be made by an instrument maker. 



Some Facts Worth Knowing. 

The Line of GollimatioB. 

The expression *'Line of Collimation,'' usually defined vaguely in treatises on 
geodetic instruments, generally means any line of sight in a telescope given by the inteiw 
section of the cross-wires, whether they are in perfect adjustment or not. The term 
" Line of Collimation,'' should, however, be confined solely to the line of sight defined ' 
by the cross-wires when they are in perfect adjustment^ with reference to the optical 
axis of the object glass ; and any difference existing between the optical axis of an ob* 
ject glass and the actual line of sight as delineated by the geometrical axis of the instru- 
ment is the ** Error of Collimation." 

The principal optical axis of an object^lass is the line i>assing through the optical 
centers formed by the curvatures and the thickness of the two lenses oomposmg it 
Thus it will be seen that it is a well defined axis, giving direction to the light passing 
through an object glass, and that, when the intersection of the cross-wires is placed ii^ 
its prolongation at the focus of the object glass, it becomes the axial or fundamental 
line by and from which all measurements by telescopic sighting are made. Itiathe Unt 
of collimation. 

To make a good Instrument, therefore, it Is necessary that the outer circumference 
of the lenses composing an object glass shall be truly concentric with the optical cen^ 
ters. The aim of the maker is to so construct his instruments that this optical axi» 
shall be truly concentric with the geometrical axis of the telescope and that the latter 
shall also occupy a normal position with regard to the geometrical axis of all other im> 
portant parts : upon this depends the proper working of an instrument. 

In the larger geodetic and stationary astronomical instruments, the telescopes of 
which are arranged only for distant sighting, this condition is readily obtained ; but it 
becomes very difficult of attainment In the smaller geodetic instruments, since, owing to- 
the varying position of the focussing slide when set for different distances, the optical 
axis may not always remain truly coincident veith the geometrical axis of the telescope. 
Hence in these instruments, carefully, cu^ljusted for distant sights, there is frequently aa 
error of collimation when nearer sights are taken. In the latter case the intersectioii 
of the cross-wires remains no longer exactly In the optical axis, its displacement 
being the cause of the error observed — disregarding momentarily the other and more- 
complicated features of different instruments, upon which the line of collimation also 
depends. 

In the Engineer's transit, however, the line of collimation must also lie exactly 
at right angles to the axis of revolution of the telescope, so that when this axis- 
is placed in a horizontal position, the line of collimation shall describe a truly vertical 
plane, whether the telescope be mounted in the centre of the instrument or outside of 
the plates, or whether it be focussed for long or short sights. In the more common, 
instruments of this class, where the telescope is situated in the center of the instru- 
ment, the intersection formed by the line of collimation and the horizontal axis of revo- 
lution is also required to lie trul^ in the prolongation of the vertical axis of revolution, 
so that there be no eccentricity between the vertical axis of revolution and the line of 
collimation when sights are taken at objects nearer than 200 feet 

In transits of this latter type, and in which the above conditions are fulfilled, the- 
sights taken would at once define the true angle, and no reversing of the telescope- 
would be necessary, were it not for other reasons. On account of the necessity for 
eliminating the eccentricity and error of graduation and verniers, as well as for eliminat- 
ing errors arising from an inaccurate adjustment of the line of collimation and of the> 
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adjustment of the telescope in the vertical plane, an instrument should be reversed and 
an angle should i)e repeated. These remarks apply equally to transits made with the 
telescopes in an eccentric position. If the line of collimation is truly at right angles to 
the horizontal axis of revolution, the amount of the offset from the line through the 
center of the instrument to the line of collimation will equal the eccentricity of the latter, 
and will remain the same whether the sights be long or short. As a rule, however, the 
small geodetic instrumenta of the latter class caimot be constructed with the same de- 
gree of perfection as those with the telescope in the center : and in consequence the 
engineer using such instruments will have to rely upon methods of observing that will 
eliminate all instrumental errors. 

In the engineer's wye level the line of collimation must be truly concentric with 
the object-slide and outer rings ; and it is also necessary that the telescope be well bal- 
anced from the center of the instrument^ in order to project a truly horizontal line. 

Difficult of attainment as the foregoing conditions may seem, it is proper to say 
that improved tools, and a generally better understanding of the principles governing 
a telescope and its relation to the instrument, have done so mucn toward the perfec- 
tion of geodetic instruments, that while it may not always be possible to make an 
Instrument in which the line of sight for both wires remains true for all distances, that 
result can generally be secured, for at least the principal wire, without requiring any 
other but the regular cross-wire adjustment. 

By the foregoing explanation it wili be readily understood that it is of great im- 
portance to have the focussing slide of such a telescope tnUy fitted, in order that Uie 
optical axis of the object-glass may coincide with the geometrical axis of the telescope, 
whether Uus slide moves in the main tube and carries the object-glass, as is the custom 
now in the smaller instruments ; or whether it moves in special rings provided for it in 
the main tube at the eye-end, where it will contain the eye-piece and the cross-wires, 
as iS the case in aJl larger instruments. Any lateral motion in the focussing slide that 
carries the oijject-glass or the eross-voires, will, therefore, derange the adjustment of the 
line of collimation. However, it Is equally as clear that a wabbling of a focussing slide 
carrying an eye-piece which serves only the purpose of a compound microscope for 
close observations of the wires and the image of an object, is of no account save that 
such lateral motion may be so great that the obliquity which the optical axis of the 
eye-piece may at times have with respect to the optical axis of the telescope, may cause 
some parallax, if the wire and Image under observation are not sharply focussed to- 
gether. In oonolnding, it may not be considered amiss for a fall understanding of this 
subject, to also mention in this connection, that any transparent substance, such as 
prisms,* lenseSy or shade-glasses, introduced between the object sighted at and the 
object-fflass, will deflect the line of sight f roni its true course, unless such parts can be 
^n*^** optically and mechanically perfect, which is rarely the case without elaborate 
adjusting apparatus. The introduction of a lens or lenses between the object- 
glass and wires, or that of a glass micrometer, will also have the tendency to deflect 
the optical axis and affect the line of collimation, not to speak of the conse- 
quent loss of light caused thereby and fllm forming on the surfaces. For this 
reason, **Porro*s telescope," which requires a lens between the object- 
glass and the wires, complicates the above conditions of a measuring telescope ; and 
while it may prove of some value in stadia-work — to enable to measure from the 
center of the instniment instead of from a point in front of the object-glass equal to 
its focal length — this feature can never be successfully adapted to the engineer's transit 
as long as the proper functions of the transit telescope, as explained above, 
are considered of the greatest importance. The Successful performance of 
an instrument should not be sacrificed for the sake of some doubtful novelty. 

The proper way of attaching prisms and colored glasses necessary to make sun 
and star observations is to put them upon the eye-piece of a telescope. After the rays 
from an object have passed through the object-glass and the plane containing the 
wires, the line of sight as fixed by the object, optical axis, and the wires, cannot be 
changed by additional refraction. The best way, therefore, is to apply prisms and 
shade-glasses between the eye and the lens nearest the eye. 



AlnTnlniiin for Instruments of Precision. 

In consequence of improvements in the production of pure aluminum and a cor- 
responding great reduction in its cost, we frequently receive inquiries as to tJie adapt- 
ability of this metal for the manufacture of engineers* and surveyors* instruments. 

We may be permitted to say, that while we are among the earliest advocates of 
aluminum and its alloys for mathematical instruments (see Scientific American, 
Feb. 1, 1868), we are not so sanguine concerning its adoption for every class of 

* The object prism, so called, attachable to the object end of a mining telescope to aid in steep sighting, 
from its positicm between the object glass and the object sighted at, must of necessity be of very limited use- 
fulness, since the slightest change ot the prism or its mounting or a change of the position of the telescope 
itself or of its object slide will almost certainly deflect the line of sight from its true course and give no satis- 
faictory results. 
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geodetic instruments, as these inquiries would warrant us to be. There are certain 
advantages derived from the use of the lighter aluminum instead of copper and its 
alloys,— the metals now employed for field-instruments ; but the disadvantages are 
that pure aluminum, although very rigid, is nevertheless a very soft metal like tin, 
and that, when alloyed with 10 per cent, copper, to make it harder, it becoraea very 
brittle, but when alloyed with 20 per cent, or 30 per cent, of copper, it becomes so 
brittle as to break like glass, ther^ore, it can be used only with great caution as a 
material for precise instruments. 

An alloy of 95 parts aluminum and 5 parts of silver bj^ weight has been found to 
give good results, being more rigid and harder than the pure metal, and but little 
heavier, while it is almost as resistent to corrosion, polishes well, and is said to 
be better for graduation ; but, the fact that it contains silver, will, of necessity, 
limit its use to the more exceptional class of work. 

Very little is gained in the way of reducing the weight of an instrument by em- 
ploying aluminum bronze (90 per cent, copper and 10 per cent, aluminum). The 
parts of instruments made of the latter metal might be easily reduced somewhat 
in thickness on account of its greater rigidity as compared with copper alloys ; yet 
to lessen the tendency to vibration, and also in order to withstand the wear and 
tear of the field use of an instrument, such parts need a little more mass, or dead 
weight as it may be called. It is then found that the weight of an instrument re- 
mains materially the same as ever. An exception to the rule may exist in the con- 
struction of the larger and stationary astronomical instruments, where aluminum 
bronze may be used to a certain extent to advantage. Its adoption is, however, 
restricted to non-revolving parts, since, when closely fitted into bearings made of 
the softer copper and tin alloys, the friction and wear of these paris is so marked 
that we would never think of substituting it for steel, bell metal or phospho^ 
bronze, or for any work requiring a smooth and accurate motion. 

There can be no doubt that aluminum possesses great utility over brass in the 
construction of instruments of minor importance. Sextants, reflecting circles, and 
the more ordinary compasses* can be made of it to some extent, also parts of transits, 
plane-tables and other instruments, etc. We are using it very extensively, but for 
reasons already stated above, we are not prepared to advocate its general adoption for 
instruments of precision. It is only in cases where a judicious use of this metal will 
be a necessity for the successful construction of an instrument, as for instance in our 
new style of mining transit, permitting of vertical sights up and down a shaft without 
the use of an extra side telescope, where certain detachable parts of the instruments 
are mounted in an excentric position, and unless such parts are made of aluminum 
they would require a heavy counterpoise. 

It is principally the indiscriminate use of aluminum that we would warn against To 
make this fully understood, it will be necessary to explain that all the finer bearings 
of an instrument made of aluminum, such as centers, object slides, leveling and miaro- 
meter screws, etc., will have to be busJied with a harder and non-friction metal, to guard 
against friction and wear and to obtain the close fitting of such parts, and permanency 
or adjustments so necessary in instruments of precision. Now, to make the princi- 
pal bearings of an instrument of different metals has the tendency to weaken the 
parts so treated, to make them less secure, and to render the adjustments more 
liable to derangement on account of unequal contraction and expansion between 
the two metals. It simply means, then, that the present high state of perfection 
in geodetic instruments, which retain their adjustment in the varying temperatures 
and climes of our zone, shall be abandoned, and we go back many years to when 
the indi^icriniinate use of widely different metals often made an instrument entirely 
unreliable, except when used in the temperature in which it was adjusted. 

Modern instrument-making has, however, already achieved great results in re- 
ducing the weight of field instruments. By improved designs and by the use of 
harder metals in place of the soft brass, remarkable changes have been brought 
about in the weight of instruments. They are no longer the heavy and formless 
structures of soft or hammered brass as of yore, but are of the type and character 
of a long-span steel bridge, as compared with an old-fashioned wooden structure. 
Every important member of an instrument is now calculated with regard to its 
strength, and the niaterials are particularly chosen for the part they are lo perform. 
* Commercial Alominmn, unless obtained from reliable sources, often contains a small amount of iron. 
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Owing to the many improvements made in the designs, the use of better maieriala, 
the application of specially designed tools and machinery, it is no longer necessaiy to 
use large and heavy instruments. An instrument of about two-thirds the size and 
weight of those made formerly will now do the same class of work. It is by these 
methods that lightness has been gained, and to them we must look for advances in the 
future. Unless the size of an.iiistrument is decreased, the resistance of its exposed sur- 
faces to wind pressure, causing sudden vibrations or tremor in the instrument, will of 
necessity require a certain amount of weight to secure the needed steadiness, and if this 
weight is not in the instrument proper, it will have to be in its tripod legs. This is 
especially true in this era of high telescope powers and sensitive spirit-levels. What is 
needed is that engineers and surveyors should have more confidence in instruments of 
smaller size as made by the best makers. 

Wherever less weight is of great importance our patrons should not hesitate to order 
our smaller Transits Nos. 2, 3, or 4, weighing 10 1^ and 5 lbs. respectively, in preference 
to a larger instrument made of Aluminum and aivided to single minutes, but of equal 
weight These small instruments are just as durable and capable of doing just as close 
work as the larger ones. Being madn of a like metal throughout, whose coefScient of 
expansion* is lower, they will retain their adjustments better than larger ones made in 
whole or in part of Aluminum. — Suppose an instrument is adjusted in-doors and im- 
mediately IS taken into the cold atmosphere of winter : other things being equal, if the 
coefficient of expansion of some parts differ the adjustments will very likely be 
derailed. — Besides, the instrument being smaller, the boxes are likewise smaller, thus 
reducing the weight and making it more portable at the same time. The same, in a 
measure, can be said of the tripod, although it is against our convictions to use a lighter 
tripod with a small transit than is used on the larger ones. 

The only exception to the above exists in the Telescope, which, of course, being 
correspondingly shorter in a small instrument, will have a smaller aperture and less 
power. However, to secure the same aperture and power for Transits Nos. 2 and 8 
(No. 4 being inverting), as for our Transit No. 1, with an erecting eyepiece, it is only 
necessary to order an inverting telescope to attain these conditions. 

In conclusion we wish to say that the future developments in alloying it as a base 
with other metals, or combination of metals, will be watched by us with due care, and 
that whenever silch developments warrant their adoption for instruments, as already 
exemplified in many new types of instnmients enumerated in our catalog, made in part 
or almost wholly of such alloys, we are glad to do so. 

* 7%f /deal metal for a Surveying /mtrutiunt is thai which has a cosfficittU ofexpaimiom equal to thai of 
Ha glau partx^ so as to retain the adjustments in varying temperatures. 

Coefficient of glass per linear foot, for i^ F 0.000054 inches. 

" steel " .i 0.000076 " 

" " brass " « « 0.000125 " 

" -' aluminom per linear foot, for 1° F 0.000148 " 

Alnminum is farthest removed from the above requirements, steel or cast iron bein^ nearest, and als* 
Hchter and harder than brass ; and non>f riction metals would be more generally adopted were it not for the ustt 
M the compass and the liability to rust in the field. 



Repair of Instruments. 

We are often applied to for correcting new and repairing old instruments made by other 
makers. We will here remark, that as workmanship, material and construction of different 
makers' instruments vary from one another, it is oftentimes impossible to repair them in an en« 
tirely satisfactory manner without goincr into an unwairantably grent expense, or without mak« 
ing such alterations as would prar^tically make a new one. 'W'e will always guarantee in such 
cases to put the Instrument in as good order and adjustment as the character of its construction, 
workmanship and material, the extent of damasfc and the general wear will permit, and that all 
repairs are promptly and conscientiously made. Tlie charges will be according to time con- 
sumed, and as low as is cOnsi<ttent with good work. Parties sending instruments should ])oint 
out in detad whatever parts they wish to have repaired ; but the best course to be pursued is to 
have the instrument fnd in thorough order and adjtutment^ implying, as it does, that the firm 
should make such waiTantable repairs as will make it as sei'viccaSle as possible. This course is 
always more expensive, but the most satisfactoiy to insure good work, and it is also the cheapest in 
the end. — Our own ins^rumen's, whenever practicable, should always be sent to us for repairs to 
insnrc fullest 8<iti«»faction. Much time j-nd money U freq«ientl]r paved by so doinir, as we are in a 
position to dnplicite part's fi*om stock on hand. In seMdin«r an instruirent to us from a distance it 
should be carefully placed in itB box and then again in a packing box, as explained under ** Trans- 
porta* ion of Instriiments," Part I., in order to conform to the rules of most of the l%rge Ezprasa 
Companies, which will admit it to single rates. 
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Cross-section of spirit levels m xxaed for instruments of precision (see 
pages 7 and 38), interior surface sliowing the barrel form with curvature ground to 
certain value of arc, diameter of arc depending on the degree of sensitiveness required. 




Cross-section of spirit levels as above, but provided vnth an air-chamber 
for adjusting length of the bubble for different temperatures as used in the leveling 
instruments of precision and for astronomical work. 
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Znstruments ajid Tlielr AdjustBients. 



General Remarks. 

THE OPTICAL PART. 

In the construction of telescopes for engineers^ instruments, several difficulties 
present themselves. To be portable, the telescope must be of small apeiture, and 
of short focus. To make it of short focus and yet retain sufficient apeiture to give 
the light necessary with the eye-pieces used, requires especial care on the pait of 
the maker, both in securing the true curves for the crown and ffint glass lenses, 
which make up the achromatic object-glass, and in adapting an eye-piece which 
will secm'e a flat field, with the least distortion. 

After careful experiments with the formulas suggested by the distinguished astron- 
omer, Sir George B. Airy, and the late Mr. Kellner, of Wetzlar, (the two best formulas 
known), we have adopted the latter. Mr. Kellner ^s formula employs four lenses, 
mounted separately, and so arranged as to secure a flat field of the sharpest definition, 
to the very edge. 

The mafi^tfying power of the telescope depends upon the relation between the 
focal length of the object-glass and the focal length of the eye-piece, considered as 
a single lens : Thus— 

^ F = focal length of the object-glass, 

f = ** ** " eye-piece, 

Then -y = magnifying power of telescope. 

It is readily seen that the magnifying power mav be increased or diminished by 
altering the focal length f, of the eye-piece; but if the maker increases the power 
too much, since only a fixed amount of light can enter the object-glass, this fix^ed 
amount of light is spread over too much surface in the field of view, and the object 
seen is therefore too faint. If the maker gets the magnif3ring power too small, 
then the engineer has a difficulty in pointing the telescope accurately. Some other 
points in regard to the magnifymg power will be refen*ed to in the description of 
the transit telescope. We have found about twenty-four diameters to be the most satis- 
factory power for our Engineers* Transit Telescope ; and for levels the powers in- 
crease in proportion to the size of the instruments. 

Veiy much depends upon the optical part of any instrument, and very little has 
been put into the hands of the practical engineer by which he may rigidly test it. 
XJie following suggestions may be found convenient. 

The telescope should come sharply into focus, and a very little movement of the 
focussing screw, either way, should cause the image to blur. When it Is sharply 
focussea, covering any part of the object'glass without altering the focus, should 
not alter the sharpness of definition but merely cut off light. The pencil of light 
which enters the object-glass, should come out at the eye end. To asceitain this, 
see whether a pointer which you place just in contact with the edge of the object- 
glass, can be wholly seen in the small disc of light which you will notice at the 
small opening of the eye end when you draw your head back some inches fW)m the 
telescope, and point the telescope towards the sky. If the pointer cannot be seen 
up to the very edge, then the maker has inserted a diaphragm which cuts oflf light 
from the object-g&iss, and, very probably, to conceal the faults in making. In thia 
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ease the real aperture of the telescope is found by moving the pointer over the object- 
glass until its pohit is Just visible, and measuring from the imier edge of the brass 
cell holding the object-glass to the pointer. Twice this distance subtracted from 
the distance between the two edges of the brass cell, will give the real or clear 
aperture of the telescope. The clear aperture^ divided by the diameter of the small 
cu-cle of light at the eye end, when the telescope is focussed on a distant object, 
will give the magnifyingpower of the telescope. Thus the clear aperture of a tele- 
scope, measured by means of a pair of div^'ders and a scale, was !*?• 35, while the 
diameter of the circle of light at the eye end, was, O"?- 06. Li this case, the magnify-i 

ing power of the telescope was -^ = 22.5 diameters. 

Another way to determine the magnifying power, is to measure the angular 
distance between two points with a transit, and then measure the same distance 
with the telescope of which the power is to be ascertained, placed so that the tran- 
sit must point into its object-glass and see the same angular distance through the 
second telescope inverted. Then calling tlie first angle A^ and the angle as seen 
dimhiishcd through the introduction of the second telescope inverted a, we have 

the magnifying power of the second telescope =~^^' (J . Thus the angle sub- 

tan, y2 A 
tended by a window sash, several hundred feet away, was measured by a transit 
instrument direct, and found to be, 1° 58' 60". When a Y level, previously focussed 
on a distant object, w^s set before the transit, with its object-glass towards th* 
transit, the same sash was measured and the angle was foimd to be but 3' 30". h\ 
this case, therefore, 



, /1^58'50">i 

tan,\^ 2 J <qn.0^5y25" 



the magnifying power of Y level= /'V ^^^\ ' ^tan 0° 1^45" ^^'^ diameters.- • 

Or, for an approximation, a card cut one inch wide may be set up across a room 
by the side of a measure graduated to inches. Then, the number of inches on the 
measure seen by one eye, covered by the image of the white card seen through tho 
telescope by the other *;ye, will give, roughly, the magnifying power. 

It is dinlcult, without months of use, to fully test an instrument in all its parts: 
but in choosing an instrument the engineer should bear in mind that the making or 
the transit anuthe level are considered to be feats of mechanical skill. It should 
be remembered that there is no machine so delicate that it c&n finish the essential 
parts of an instruments The last stages in its making must depend upon the personal 
skill of some mechanic, who has a reputation for that particular work; and we art; 
sorry to add, that so difficult is it to secure the mechanical skill and patience re* 
quired in the finishing of the Interior parts, the only essential, ones, and so easy is 
it to add the lacquer and polish of the outside, that the market is full of instruments 
sold at a price enough lower than the best makers can work, to seem to effect a 
large saving of the hrst cost ; but such a saving is money borrowed at the highest 
rate of interest, when the cost of annual repairs is considered, it is better at the 
outset to buy of a maker who is noted for the conscientious accuracy of his work. 
An imperfect rack motion ; a screw turned home on the wrong threail ; a wabbling 
of the object-slide or eye-piece; a slight space between the edge of the vernier ana 
the limb of the c?rcle ; in fact, any mechanical defect, no matter how slight it may 
seem, may be taken as a pretty sure indication that the work has been slighted in 
other parts as well, and should have a strong infiuence in guiding the selection of 
an instrument, in the absence of a test by work in the field. 



THE ENGINEER'S TRANSIT. 

In the first part of this catalogue, the peculiarities and improvements in this in- 
strument have been pointed out. In speaking of the adjustments of these instruments 
it is well for the engineer to remember that the construction is aimed to be such that 
if the telescope and levels are carefully adjusted they may remain so for even a number 
of years to come, if the instrument suffers no rough usage. 
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Cross Section of the Berger Transit. 

The heavily drawx) center line and the two parallel lines drawn at right angles to 
\tin the above cut, indicate conditions required in a perfectly adjusted transit. qqqJp 
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Description of the Telescope. 

Thb object-glass is achromatic, being made of two lenses, one of crown and one 
of flint giass. Both these lenses are made of the celebrated ** Jena " glass (intro- 
duced about 1885), which has a greater index of refraction and power of dispersion 
than known before this time. For the most part, that is, whenever the diameter of 
these lenses is not too large, we — since 1889 — cement them together so as to 
make one lens only. In so doing the disturbing reflections from their inner sur- 
faces, and the settling of a fllm between them is prevented, besides securing to the 
telescope an additional amount of light equal to about 8 per cent. The curvatures 
are computed from special formulaB, so that the telescope naay have the largest 
aperture possible with a short focal length. 

The engineer will appreciate the slightest gain in the diameter of the object- 
glass, since the amount of light received from any object varies as the square of 
that diameter. Thus an object-glass If inches in diameter will admit half as much 
light again as an object-glass one inch in diameter. 

T)ie eye-piece, or ocular, as it is sometimes called, is the combination of lenses 
used in the telescope with which the image formed at the focus of the object-glass 
is viewed. 

The simplest and most commonly used eye-piece in the telescopes of instru- 
ments of 'precision, where spider-threads and micrometers are used in making 
measurements, is the Bamsden astronomical or positive eye-piece. It consists of 
two plano-convex lenses, commonly of the same focus, placed apart at a distance of 
two-thirds the focal length of either, the convex sides facing each other. It has 
the advantage of being placed behind the focus of the object-glass. It is almost 
free from spherical aberration, and gives a perfectly flat field of view, so that the 
spider-threads can be seen distinctly throughout their entire length. Unfortun- 
ately it is not entirely free from chromatic aberration, that is, not strictly achro- 
matic, and therefore the Eeliner and Steinheil eye-pieces are frequently preferred, as 
in them the chromatic aberration is sensibly eliminated, so that a bright object 
viewed with a normal eye will appear achromatic, a condition as important in the 
^CHpiece as in the object-glass. 

The Eeliner eye-piece, also, consists of two lenses. The one nearest the eye, or 
eye-lens, is a compound lens composed of crown and flint-glass, as in the objective. 
Both are cementea together so as to make one, to prevent loss of light consequent 
upon a ray passing from one substance into another. In its common form the eye- 
lens is piano-convex, with the plane side nearest the eye, while the second or field- 
lens is double-convex. 

In the Steinheil eye-piece both lenses are compound, as in the eye-lens of the 
Kellner. The parts of each lens being cemented together, they form two double- 
convex lenses, and therefore it may be designated as an achromatic double eye-piece. 
There are some deviations in the construction of the three eye-pieces mentioned 
above, but mainly as to the proper curvatui-e of the lenses and their proper distances 
apart, depending as they do on the index of refraction and power of dispersion 
of the glass used in the construction of the object-glass and eye-piece, but the 
principle as above explained, by which an achromatic image is obtained, underlies 
all of them. 

The Bamsden eye-piece is generally preferred on account of its greater simpli- 
city and its flat field of view, which latter condition is more difficult to be obtained 
with the Kellner and Steinheil eye-pieces in powerful telescopes of limited length, 
on account of the somewhat larger field of view possessea by these eye-pieces. 
Moreover, the compound lenses are liable to be affected after a while by opacities 
caused by a crystallization, as it were, of the cement uniting the parts composing 
them. 

Objects seen through the above-mentioned eye-pieces are, however, inverted, 
and telescopes so constructed are often objected to on this account. It neverthe- 
less is the most proper telescope to use where fine telescopic measurements must 
be made, as the image is more brilliant than when the objects are shown upright, 
and it requires but little practice to get accustomed to its use. The inverting tel- 
escope has some other advantages that should be mentioned here. The eye-piece 
being shorter, an object-glass of greater focal length is obtained in the same length 
of telescope, thereby favoring the conditions imposed to secure the best definition 
where the telescope must be short and powerf uL Any increase in the focal length of 
an object-glass adds to the magnifying power in the direct way, without entailing 
the loss of light consequent upon the use of an eye-piece made unduly powerful. 
On the other hand, an increase in the magnifying power of the eye-piece magnifies 
the least imperfection that may exist in the object-glass, and makes the cross- 
wires appear too coarse. 
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In practioe, howvrvr, many engineers prefer the erecting or terresti^lal telefloope^ 
Bach telescopes must be made with an eye-piece consisting of four lenses, as by 
adding two more lenses, objects are shown right side up, as viewed with the naked 
eye. In the construction of an erecting eye-piece the chromatic aberration can be 
corrected by the two additional lenses required to secure an upright image ; but in 
the case of short and powerful telescopes the difficulties presenting themselves to 
secure a perfectly fiat field of view are very great, and recourse must often be had 
to a compound lens. In the Kellner terrestrial eye-piece the third lens, reckoning 
from the eye, is therefore compound, and both parts are cemented together. 

The Huyghenian eye-piece is uued to a very limited extent in the more modem 
telescopes of instruments of precision. It is most frequently met with in the 
large telescopes used in physical astronomy, where objects are merely viewed, but 
no measurements made. The field of view is large, but not quite flat. The amount 
of light is greater than in the other eye-pieces. The eye-piece consists of two 
plano-convex lenses with their convex sides facing the object-glass. The main fea- 
tures are, that in this eye-piece the second lens is placed between the object-glass 
and its focus, and that it brings the image to a focus at a point half-way between 
the two lenses of the eye-piece. The focal length of the second lens is three times 
larger than that of the eye-lens, and they are placed apart at a distance equal to 
one-half their combined focal length. The image is viewed by the eye-lens. It is 
called a negative eye-piece, because the image is formed at a point between the 



The magnifying power of a telescope must be proportional to the aperture. If 
the magnifying power is too high for the aperture, oidinary objects will appear too 
taint ; and if the magnifying power is too low, the objects will appear so small 
that the engineer cannot point upon them with sufficient accuracy. 

The magnifying power should be such that the least perceptible motion of the 
babble of a level, or change in the reading of the verniers, should cause sufficient 
movement of the cross-wires over the object in the field of view to be readily notice- 
able. A higher power than this is worse than useless, since objects are less brilliant. 

A lower power would not develop the full capacities of the instrument We adapt, 
therefore, the magnifying power and aperture of our instruments to the sensitiv^nefls 
of the levels, and the fineness of the graduation. 

In our telescopes the main tube has a much smaller diameter than is usual in pro- 
portion to the size of aperture. This is accomplished without cutting off any light 
derived from the object-glass, since the pencil of light within the telescope is contin- 
ually diminishing in diameter until it comes to a focus at the plane of the spider- 
lines. The danger of an increase of reflections caused by bringing the interior surface 
of the telescope-tube nearer to this pencil of rays is neutralize by the introduction of 
several more diaphragms properly placed, and by the use of a specially dead black coat- 
ing for the interior. By this method of construction the weight of the telescope is 
greatly reduced compared with the large apertures used by ps, and therefore there is 
less wear on the horizontal axis of revolution, and less friction of the object-slide. 
There is, also, on this account, less surface exposed to the wind, and the instrument is 
consequently more steady. 



Concerning Apertures which are AbnormaUy Large In 
Proportion to their Focal Length, for the Telescope 
ot Transits and Levels. 

Having shown in the preceding article the value of the large apertures adopted for 
the telescopes of the instruments enumerated later in Fart II, it seems but natural, in 
the desire to gain additional light, for those unacquainted with the construction of these 
telescopes to suggest an increase in the aperture of an object-glass given with a partic- 
ular length of telescope and size of instrument, — that is, to wish to go beyond what in 
best practice must be considered the limit in diameter of aperture for a given focal 
length. Good practice allows a ratio of from 1 : 10 to 1 : 12, — meaning that an ob- 
ject-glass one inch in diameter should have a focus of from 10 to 12 indies to insure 
good light, sharp definition and giving the natural magnifying power of the telescope 
and not one obtained by applying a too powerful eye-piece and causing imdue loss of 
light. 
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In order to reduce the size and weight oi field iiiBtruments and make them more 
portable and efficient, modem practice has been to reduce this ratio veiy considerably 
by adopting as short a focal length as possible, and since the length of telescope is the 
chief factor in determining the size of an instrument, as will be seen by an inspection 
of the various instruments .isted later on in this catalogue, the resulting optical and me- 
chanical conditions involved are of a most difficult and strained character. Were these in- 
struments designed merely forviewiugobjects, asin case of binoculars, operaglasses, etc., 
or for observing stars (which requires no change of focus), so that a short focussing 
slide would be sufficient, the construction would be a comparatively easy task ; but 
since these instruments are designed for purposes of engineering and surveying, where 
angles between sighting poles and height3 of measuring rods must be read at distances 
which vary from 5 feet to infinity, involving a continual change of the focussing slide, 
it is of the utmost importance that this slide-tube be of a length which is not only pro- 
portional to its diameter but also sufficiently long to insure an accurate movement in a 
straight line coincidhig with the optical and the geometrical axes of the telescope, 
since any deviation in the motion of the slide-tube from a true straight line, whether 
caused by an insecure short slide or by wabbling or fretting due to too much weight 
at the object end, will directly afEect the positiou of the line of sight and produce 
inaccurate results. 

Abnormally JjBTge Object-Glasses. 

The foregoing will show some of the difficulties attending the construction of short 
telescopes having the largest apertures permissible for surveying Instruments. These 
difficulties are much greater where a short telescope has an abnormally large object- 
glass. In order to accommodate the cone of light in this case the outer tube has to be 
greatly enlarged and consequently the focussing slide is then too short and out of pro- 
portion to its diameter, and the greater weight attached to it such that it cannot be 
depended upon for precise work. Furthermore such telescopes make an instrument 
top-heavy, enormously increase the wear on the centers and on the axis of revolution 
of the telescope, and greatly add to the surface exposed to wind pressure. To over- 
come some of these defects the focussing slide is often placed at the eye-end of the 
telesooi>e for certain classes of work where the conditions are more favorable, but this 
is impossible in the regular engineers^ transits, since the eye-piece must always 
reverse through the standards, and this cannot be done when the slide is drawn out for 
short distances. 

So far only the mechanical features involved in this subject have been discussed, 
but it may not be amiss to mention that a telescope with an abnormally large aperture 
and having an abnormally short focal length very frequently lacks that sharp definition 
that a smaller object-glass will give. Therefore it is at least questionable whether an 
abnormally large aperture has sufficient advantage over the usual large aperture to 
warrant sacrificing the longer object-slide, its greater precision and magnifying power 
that are obtained when the focal length and the aperture have their normal relation. 
It should be mentioned also that the special kind of glass required for the largest ob- 
jectives has not great power to resist the effects produced by moisture in the air, 
moisture from the fingers, etc., to which it is liable to be exposed in field work. 

Hence it follows that the use of such abnormal apertures should be restricted to 
instruments for tunnel details or to plane-table lUidades In all cases where laiger 
apertures are desired, larger instruments witii longer telescopes should be chosen, so 
that the relation between focal length and aperture may be kept the same, and sharp 
definition, good light and high power thus insured. For if, in a telescope of short 
focal length, high power is secured by means of the eye-pieoe, the difficulty in foeusnng 
the wires becomes very marked, and is likely to become a source of annoyance, 
especially in the case of the very short eye-piece used in inverted telescopes. Further- 
more such eye-pieces also magnify every imperfection of the object-glass aa well as of 
the cross and stadia wires. This makes it difficult to procure wires of sufficient 
fineness, and the increased danger of their breaking makestheir use almost prohibitive. 
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The Pancratic, or Changeable Power Eye-piece for the 
Brecting Telescope 

This feature,' long in use in commercial articles such as field-glaases, binoculars, etc., 
can be applied, in case of surveying instruments, to eye-pieces of erecting telescopes 
only, and is then desirable only in exceptional cases. Its use in a surveying instru- 
ment cannot be considered a distinct gain, since it complicates the mechanism of the 
telescope — even in its simplest form — by the inixoduction of a greater number of 
pieces, besides adding to the weight of the eye-piece. In practical use it requires one 
more operation than the regular eye-piece, but unless a person is thoroughly f amiUar 
with it, not infrequently two more operations are required when focussing on an 
object In using it the first operation v^ill be to set the magnifying power, by means of 
the movable lens, into the first position marked for it ; the second, to sharply focus the 
wires ; and the third, to bring the object into view. Whenever the power has been 
changed, by accident or otherwise, the wires will have to be brought again into focus 
by moving the whole eye-piece in the usual manner. Owing to the greater complexity 
of this eye-piece some of the lenses are not readily accessible for cleaning in the field or 
in the office, so that greater care is required to preserve clearness of vision. These 
lenses are likely therefore to be coated with a film after exposure, thus defeating the 
very object for which they are designed, viz., to give additional light by the use of alow 
power. Moreover, when applied to a transit the focal length of the object-glass has to 
be shortened by about one-half inch, thereby directly lessening the power unless the 
height of the standards be increased, which of course makes the instrument more top- 
heavy. 

These are distinct disadvantages in a telescope. The power chosen for the tele- 
scope of a field instrument is generally the one best fitted for it and therefore should be 
permanent. To make it changeable in order to reduce this power lessens the degree of 
accuiucy with which a measuring telescope can be pointed at a distant object, and will 
Uiwart the intention of the maker, who harmonized the power of the telescope with 
the sensitiveness of the levels and reading of the graduations. So, to reiterate, it is 
the discerning power of a telescope, obtained by a normal aperture combined with a 
sharp definition and high magnification of the object, that will make it possible to 
quickly and accurately read graduated rods and see staffs at great <li8tances. A low 
power, therefore, would not reveal the capabilities of the instrument, and on this ac- 
count the desire is more often expressed to increase the normally large power as 
explained above in order to read close at long range rather than to have it lessened. 

The aim of the makers is to keep surveying instruments simple in design and free 
from incumbrances, so that the observer's whole attention may be given to the work 
before him. While we do not recommend the use of these variable power eye-pieces, 
when desired they can be applied to the larger size transits and levels when made to 
order. 



The Graduations. 



Eni^eers' transits have various graduations on their circles, according to the 
requirements of the different branches of dvii engineering. These various gradua- 
tions are read by opposite verniers, which may be either single or double. Ameri- 
can instruments have usually double opposite verniers, commonly reading the 
circle to single minutes or to thirty seconds. For a higher grade of work, required 
in the larger cities and on extended land surveys, they should, however* reieid to 
twenty or ten seconds according to size of circle. 

Transits intended for triangulation should have only single opposite verniers and 
one row of figures clockwise from to 860^ 

All instruments desired vnth graduations differing from those specified in this cat- 
alogue under each style and size, will be made to order only. 

The customary graduations of C. L. Berger & Sons' instruments are as follows : — 

The circle divided to half degrees, the verniers reading to single minutes, see Fig. 1. 
4. » »» »« twenty minutes, *• " " ** thirty seconds, " Pig. a. 

t( u u «« fifteen minutes, " " ** " twenty seconds, " Fig. 3. 

4« ♦« «« i« twenty minutes, •♦ " ** " twenty seconds, " FIgg. 4, 5 and 6. 

t( «i u «4 ten minutes, " " ** " ten seconds, " Fig, 7. 
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To express the relation between the vernier and circle dlTisions, let dssthe ratae 
of one division of the circle; d^»the value of one division of the vernier; d-d'» 
the least count of the vernier, or, in other words, the smallest reading of the circle^ 

lias the number of spaces of the vernier which coxiespond to (n— >1) spaces of 
the circle. 

We then have the three formulas ; 

(2.) 

(3.) 

Thus, for example, suppose the circle was divided to 11^, and it was deslrad to 
read to ao*^. Here,ds=16' 

d — d', or, the least count =20^ 




Then, by formula (1) 



16' 



16X60^ 



20^ 



20^ 



»45 



Therefore, 45 spaces of the vernier must correspond to 44 or(n-l) spaces of the 
circle. 

Suppose again the arc to be divided to 20", and to be read to 30^. In this case 
we have 

20X60 .^ 



Therefere, 40 spaces of the vernier must correspond to 39, or (n — 1) spaces of 
the circle. These are the graduations ;v^hich Messrs. C. L. Berger & Sons usually 
adopt for engineers^ transits. 




The cut shows a portion of the circle and vernier, to illustrate the method of 
reading to thirty seconds. 

The lines marked 130, 140, and 150 denote 10^ each« The shorter lines half way 
between them denote 135^ and 145^ The next shorter lines denote whole degrees, 
while the sliortest lines are one-third of a degree, or 20^ apart. 

The vernier compiises the upper series of lines. Of this series only that half 
lying to the right of the vertical aiTOw, or zero, and having the figures 10 and 20 
inclmed in the same direction as the 130, 140, and 150 of the arc. Is to be used in 
connection with these figures. The vernier is double, — one half to be used with 
one set of graduations of the arc, the other half to be used when angles are laid oif 
fai the opposite direction, and then the lower set of figured, 210, 220, and 230 are used. 

It is to be especially remembered that the fibres on the vernier are inclined in 
Ifae same direction as the fi&^ures on the arc to which they belong. 

To read the vernier, first note the whole degrees, and 20^ spaces lying between 
the last 10 degree division and the zero division of the vernier. 

Thus in the cut, using the upper line of figures, the zero of the vernier has passed 
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ttM ld(f diriBion, and morcd on untU it is between the 2(r and 4(K space beyond the 
188** mark. The first part of our reading will therelore be 13S^ aCK. 

Second, look along the vernier, beginning from tlie zero point, and in the direc- 
tion in wluch the graduation of the arc runs, until one line of the vernier is found 
which seems to be a prolongation of an opposite line on the arc. 

Consider each of the vernier spaces between the vernier zero and such a line, 
as equal to 3(P of arc. 

Add the nmnber of minutes and seconds thus obtained to the first reading. The 
result will be the reading of the circle. 

Thus we notice that the vernier zero is a trifle over half-way of the distance 
between the 2(r and 4(r marks of the arc. 

And looking along the vernier to the right, we notice that the lines of the ver- 
nier gradually approach the lines on the arc until the twentieth line of the vernier 
is precisely opposite a line on the arc. Of course, since each vernier spa^e denotes 
30% the alternate ones made a little longer in the cut will denote single minutes, 
and on the vernier therefore the twentieth line would correspond to lO' 00^, and 
since our first reading was between 20" and 4(K, this vernier reading is to be added 
to that first reading. 

Thus, 138* 20' 

W 00^ 

138^ 30^ 00«^ will be the reading of the vernier, 
using the upper graduation. 
In the same manner we proceed to the left in reading the lower graduation, in 
which the figures are inclined to the left. Thus in the cut, we should find the zero 
point of the vernier is beyond the 221*' 20^ mark, and the line of the vernier, wliich 
is seemingly a prolongation of a line of the arc, corresponds to lO' 00^. Then we 
have 22V* 20' 

10' OO'^ 



22P 30' 00^ for the reading of the vernier, using 
the lower graduation. 

Practically, in reading the vernier, the engineer decides which line is in coinci- 
dence by the position of the lines on both sides. 

He first notices, roughly, what fractional part of a space on the limb lies between 
the vernier zero and the last graduation mark it has passed. This enables him to 
look immediately to that part of the vernier in which the coincidence occurs. 

Thus in the figure the vernier zero is about half way between 221** 20^ and 221° 40', 
the engineer therefore immediately looks about half way along the vernier and 
finds the 10^ 00^ division to be the one sought. 

When the graduation is to thirty seconds, the engineer will find that if he only 
chooses, he can work to miimtes with tliis graduation quite as rapidly as with a 
transit graduated to minutes, hy simply disregarding the shortest lines of the vernier. 

The second vernier, which is distant 180°, or exactly opposite the one read first, 
may also be read. Not so much to eliminate any eccentricity of the circle and ver- 
niers as to afford a valuable check upon the angle measured. 

Greater accuracy in the measurement of any angle may be obtained by the 
principle of repetition. In this case, before and after an angle has been repealed a 
number of times, all four of the verniers should be read, and if, for example, the 
graduations proceed from right to left, the left hand side of each double vernier 
should be read as usual ; but lu the right hand side the line now marked 20 on the 
vernier should be considered 0, and the arrow on the vernier 20. Then, with this 
convention, only the minutes and seconds of the second vernier should be used. 

But it should be here remarked that the repetition of angles is not now liold in 
such repute by our best engineers, as it was before the present perfection of the art 
of graduating and centering the circles and verniers of engineering instruments. 

The engineer who has not used them will find the ground-glass shades a great 
convenience in reading the vernier. They are so placed as not to be readily broken, 
and they shed a clear, white light upon the graduations. 

Graduations on solid silver are much to be preferred to graduations on any 
known brass alloy. The surface of the silver can be worked very plane, since it is 
of uniform texture. The graduations can be cut with the utmost uniformity In 
width of line and spacing. 

The graduations on a BEBGEB Transit are not mere scratches on German 
Silver; they are extremely accurate, have great depth of line, and are clearly 
cut and on 925/lOOOths Sterling Silver, being easily read, even in a faint light ; 
the lines are of just the proper length so as not to be fatiguing to the eye. 

The figuring of the circles and verniers is unusually distinct. 
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The Customary Graduations of Circles and Verniers 
for C. li. Berger & Sons' Instruments. 

Figures 1, 2, 3 and 4 illustrate graduations in which the horizontal circles have two 
rows of figures, from 0° to 860°, in opposite directions. The figures in the main row 
nearer the vernier increase clockwise, and in the other row increase in the opposite 
directicin, so that angles may be read rapidly in either direction. Other figuring, such 
as 0* to 90® to 0®, 0® to 180«» to 0®, will be made when specially ordered. 

The vertical semicircle is figured from 0* to 90° in either direction for reading angles 
of elevation or depression, and the full vertical circle from 0*" to 90® to 0°. For astro- 
nomical work the vertical circle will be figured clockwise from 0® to 300** when spe- 
cially ordered. 

Whenever a change is desired from the customary figuring, as given below, a diagram 
should be sent vrith the order. 

The size of circle appropriate with the various graduations and verniers will be found 
in the description and extras of instruments in the catalogue and are the ones recom- 
mended. A larger size of circle than the one enumerated with the instrument would 
often prove of no value, while a smaller size may prove fatiguing to the eye to read. 

The cuts below represent a graduation on a circle 13 inches in diameter. 

Gl^aduatioii Reading to Minutes. 

50 ^ A 




JS^ 



rig.i. 



saa 



^spaces 



Fig. 1. Circle divided into 30' spaces. 

Double Opposite Verniers to Horizontal and Vertical Circles, also for arcs ( 
into 30) reading to single minutes. 

Note.->Sonietimes when for want of space in some particular type of instrument a single read- 
ing folding vernier must be applied to a circle figured in opposite directions the single vernier has 
its zero point in the center ana extends W each way. In reading this vernier, proceed to the right or 
left on the upper rovr of figures in the direction of the graduation used, and if the coincident line 
is not found before reaching the IS' line, continue on the lower line of figures on the other half of 
the vernier, so that the whole graduation from (X to 9(K lies in the same direction. 



Graduation Beadingr to 30''. 

A 



^o 




Flg.2. 



Fig. 2. Circle divided into 20' spaces. 

Double Opposite Verniers to Horizontal Circle (39 spaces into 40) reading to 80". 
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Graduation Beadinir to 20". 

A 




J60 



Fig. 3. 

Usual Style of 90^ Tcmien for the Engiiieer's Transit. 

Fig. 3. Circle divided Into 16' spaces. 

Double Opposite VemleiB to Horizontal Circle (44 spaces into 46) reading to 20". 

Note.— In figure 3 the lines on both the circle and the yemiers are considerably closer than in 
those of figure 9, For this reason it will be seen that this graduation is more fatiguing to the eye to 
read. Howeyer this form is the only feasible one for the yemier opening when two rows of figures 
with aero in center of yemier are required, as in general engineering work where angles are to be 
read rapidly to right and left For the best yemier for triangulatlon transits see figures 4 and 5. 



Graduation Beading: to 20". 




S50 



J60 



Fig.4. 



For the Engineer's Transit intended for Triangnlation. Made to order only. 

Fig. 4. Circle divided into 20' spaces. 

Single Opposite Verniers reading to 20" (69 spaces into fiO); two zero points to Ver- 
niers ; two rows of figures. 

Note. — This yemier has wider spacing on the circle and on this account is more easily read to 
20^, but has the disadyantage that when an engineer wants double opposite yerniers, as shown in the 
yemiers Figs. 1, 9, and 3, the opening of the yemier plate would haye to be twice as Ions and there- 
fore too large for the superstructure of the instrument. It is desirable in such cases wiiere an en- 
gineer wants a 20^ graduation on aboye limb with two rows of figures to proyide yemiers with 
ttoo zeros, one at each end, as shown aboye, necessitntins the inconyenience oi first shifting the yer- 
nier plate from one zero to the other before angles can be read in the opposite direction. 

This difficulty may be ayoided, howeyer, by using the W mark on the yemier as the aero point 
and reading angles in either direction as explained under figure 6. 



^.0 



Graduation Beadlnir to 20". 

A 




10 



eo 



$limm 



10 




Fig. 5. 



Usual Style Vernier for Transits intended for Triansrnlation. — Made to order only. 

Fig. 5« Circle divided into 20' spaces. 

Single Opposite Verniers reading to 20" (69 spaces into 60). One row of figures. 
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Graduation Beadlnir to 20". 




ML 
SSO J60 

Fig. 6. 

Foldings Tender. Made to order only. 

Fig. 6« Circle divided into 20' spaces same as Nos. 4 and 5. 

Single Opposite Vemieis having one zero point in center with two rows of figures. 

Note.— With this style of single yemier angles may be read to left or right. If angles are being . 
read clockwise start witn the zero point under A and continue to the left until the ICK mark is 
reached, then if no coincidence is found, continue by taking the W mark at the opposite end of the 
remier (right end) and reading toward tne W mark. In reading angles in the oppoate direction use 
the figures which slope toward the right. 



Graduation Beadingr to IC (on a 7 or 8*inch Circle). 

A 

5 




Usual Style of Verniers for Triangnlation. 

Fig. 7. Circle divided into 10' spaces. 
Single Opposite Verniers reading to 10" ^59 spaces into 60). 

Whenever desired double opposite verniers can be furnished, with two rows of 
figures on limb from 0° to S&f in opposite directions. 

Note. — In cases where less weight and greater compactness and portability of instrument are 
desirable, as in instruments often nirnished to the Qoyemment for use in mountains and in the 
tropics, a W graduation can be placed upon a 6}i inch circle. The spacing however is rery close, 
and while this size of circle will give almost equally as accurate results, Its reading must neces- 
sarily prove more fatiguing to the eye. 



Graduation Beading to 5" on 8-inch Circle. 

Sometimes it is requested to graduate an 8-lnch circle to read to 5" direct, when the 
circle will be divided into 5' spaces and the vernier 69 spaces divided into 60 parts. As a 
rule this graduation is not desirable for vernier instruments on account of the close 
spacing on circle and verniers which of necessity must prove inconvenient in usual en- 
gineering practice because of its greater liability to error in reading. 
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Decimal Vernier Graduation. 

For railroad work it is sometimes requested to graduate yemier A to read to 
minutes or 30", as usual, and vernier B to read to r^jfth of a degree. 

If the circle is to read to minutes, vernier A will be as shown in figure 1. A 
decimal vernier for this graduation requires 49 spaces of the circle to be £vided into 
60 parts on the vernier, making a very long vernier, so that there is only room for a 
single vernier in the opening of the vernier plate. This vernier would either have two 
zero points as in figure >^^ or would have the zero at the center, as shown in figure 6. 

If one vernier is to read to 30" and the other to t^^^^^ of a degree, the circle would 
be divided into 15' spaces, and the A vernier would be as shovm in figure 9. The 
decimal vernier for this graduation requires 24 spaces of the circle to be divided into 25 
parts on the vernier as shown in figure 8» 

The disadvantages of such graduations are, first, that the spacing of the circle is too 
close for rapid reading, and second, that mistakes are liable to be made in reading the 
verniers by confusing the 30" reading of vernier A with the y^^th of a degree of 
vernier B. Another disadvantage is that when it is desired to read both verniers, 
A and B, as in repeating angles, this cannot be conveniently done with either of the 
above arrangements. For these reasons the two vemlers A and By should have the 
game graduation. 

There are occasionally inquiries for transits provided with decimal vernier gradua- 
tion. These can be furnished when desired, but must be specially made to order. On 
account of the great length of the double vernier, single opposite verniers of the fold- 
ing pattern (fig. 6) are the only feasible ones. Although objections are often raised 
a^nst them, still many engineers like folding verniers sdfter becoming accustomed to 
them. 

Dedmal Yemier Graduation. 




Fig 8. 

Figr. 8. Circle divided into 15' spaces. 

Double vernier (24 spaces into 26) reading to hundredths of a degree. 



Graduation Beading to 30". 

On same limb with B vernier to read to lOOths of a des^ree as in Fig. 8, and A ver- 
nier reading: to SC'. 




Fig. 9. 

Fig. 9. Circle divided into 15' spaces. 

Double vernier A (29 spaces into 30) reading to 30". B vernier reading to lOOths 
of a degree. 

I'his vernier is not commonly used, but has the advantage that the double vermer 
occupies only a short space. 
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Graduation Reading to Hundredths of a Degree. 

A 

ZO 30 40 




Fig. lO. Circle divided into 30' spaces. 

Single vernier (40 spaces into 50) reading to hundredths of a degree. 

Two Zero Points to Verniers ; Two RowiB of Figures. 



Inclination and Color of Figures for Graduations* 

All of the double verniers shown above require the limb to be provided with two 
sets of figures in black, as indicated in the diagrams and further illustrated in the 
diagrams of the various limbs on the following page. To prevent mistalceSy the 
figures of each row are inclined in the direction in which the ver- 
niers must be read. It will be noticed that the figures above are inclined only 
enough to easily distinguish each row from the other. If the figures are inclined at too 
great an angle their distinctness would be impaired and cohsiderable difiiculty would 
be experienced in reading them correctly, and would be apt to lead to gross errors. 
The shape of the above figures is very plain, so as to standout clearly. If desired, the 
figures of the contra-clockwise row, with the figures of its corresponding verniers, and 
those of the vertical circle, can be furnished, without extra cost, in a red color, to further 
distinguish them from the clockwise graduations. There is, however, no advantage 
in the red over the black figures, since the latter stand out very plainly on a silver sur- 
face, and are very distinct, even after the silver has somewhat tarnished, is soiled, or 
when the graduations must be read in a faint or artifical light, where the red figures 
will not show a marked contrast to the black. 

If red fibres are desired, the code word << Reddish** must be used, and such 
Transits will have to be especially made, not being kept in stock. 
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Figruringr of Graduations. 
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The Centers. 

Q^te as important as the graduation, is the exact fitting of what the makers 
caU the wnUra of the mstrument; i.e., the two vertical metafaxis, about whibh fhe 
circle and the vermer plate turn. 

Both axes must be exactly concentric with the center of the graduated circle 
and the center of the horizontal axis of the telescope in any position of the iustnh 
ment. The most sensitive level about the instrument should not show any displace' 
ment when the curcle-plate is held, and the lower plate moved by the hand. 

In the construction of the iimer center, the hardest bell-metal should be used, 
and for the outer center a red composition metal of the best quality. To insure a 
true concentricity of the axis, and consequently of the lunb and vernier, it is 
necessary that they should each be turned in a dead center lathe, each about its 
own axis. In fitting the centers, they should turn without the slightest plav. and 
yet with very little friction. ^ *^ ^^ 

We take the precaution of casting the outer center, circle and vernier plate in the 
same mould, to avoid any difference in the composition of the metal. 

The upper plate should not be hammered, since this would also effect an unequal 
expansion of the metals in extreme temperatures, causing the vernier to read too 
long or too short. 

After the plates are put together, the vernier and limb should revolve in the 
same plane, to avoid parallax. The space between the Ihnb and vernier should 
have the appearance of a uniform, fine, black line. 



The Compags. 

In runrdng old lines, and as a check in running new ones, the compass is firequent* 
ly a very hnportant part of the transit. Its neeule should be temiH^nMl thniiighout, 
and of hard steel, to retain its magnetism. It should be thin, aiif] y(*t at the same 
time have enough surface to be strongly magnetic. It should bo swung ii|K)n a 
lewelled center, and so nicely fitted that when at rest, with the instrument levelled, 
the two extreme points should just clear the graduation of the compass box, and 
read precisely 180'^ different in any part of the graduated arc. The pivot on which 
it swings should be conical, and hardened so that it may swing upon a sharp point, 
without having this point weak. 

The needle should also be so sensitive, that when drawn firom its pointing by 
the outside attraction of a piece of iron held in the hand a foot or so away, it will 
settle to the same reading several times in succession. 

This sensitiveness depends upon the form and sharpness of tl^e pivot, the strength 
of its magnetism, and its bearing on the jewelled center. 

If it should be fomid that a needle has lost its sensitiveness, it is probably not 
so much owing to its loss of magnetism, as to a dulling of the pivot. Since this 
may happen when the enguieer is without access to the maker, and an Instrument 
otherwise be in good condition, it should be remarked that the pivot can be sharp- 
ened after removing the needle, by taking a fine oilnstone, and while turning the 
instrument with one hand, sprinding the pivot, iisith the oil-stone in the other ; oeinfi^ 
careful to incline the grinmng surface about 25^ to the pivot. The pivot is ori«n- 
nally turned and shari)ened in a lathe, and in grinding by hand, great care should 
be taken to preserve its conical form. 

The two extreme points which lie next the graduation, together with the point 
of suspension, should lie in one straight line. 

The center of gravity of the needle should be as far below this line as possible. 

The quivering of a needle so constructed is not anno3ring, since the center of its 
quivering motion is in the line through its two extreme pohits, which are, therefore, 
stationary. 

To determine whether the transit itself has any iron in it to disturb the needier 
it is a good plan, after setting the instrument so that both compass-needle ana 
vernier reads 0®, to go round the curcie, setting the vernier ten degrees ahead each 
time, and noting whether the compass-needle also describes an arc of precisely ten 
d^ees. If it does not, there is some local attraction. 

The graduations on tne compass box should begin at the North point, and run 
90^ in botJ^ directions ; then decrease to 0° again at the South point. In mine 
transits a second continuous row from 0° to 360^ starting at North is placed on 
the compass ring. Other figurings are made especially to order. In order that 
the needle reading may indicate tiie direction of the telescope, the line joinino^ the 
"vros of the ordinary compass ring must be in the same vertical plane, with the 
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line of coUimation of the telescope; and the letters denoting the caixhnal points, 
East and West, must be transposed ; i. «., when the letter N is towards the North, 
the letter W should be towards the East. Of course the needle indicates magnetic 
north, and in the case of instruments unprovided with means of setting oiT the local 
variation of the needle, all the readinsrs of the needle must be corrected for this 
local deviation^ 

If the transit is provided with a variation plate and it is desired to set off the varia- 
tion by means of the horizontal plate closer than half and quarter degrees — say to 
minutes — this can be done on the horizontal circle. The verniers of the Transit are 
set at zero of the graduation and clamped. The zero of the variation ring must also 
be made to coincide with the stationary pointer. The need]^ is then released and 
when at rest the zeros of the variation ring must be made to coincide with the needle 
ends by the lower tangent screw. To set off the variation, the vernier plate clamp is 
released and the vernier plate turned so that the telescope (pointing North) moves 
toward the actual East if the variation is West, and toward actual West if the varia- 
tion is East, until the vernier reads the desired declination on the horizontal circle. 
The zero of the variation ring is now brought to coincide with the needle ends and the 
telescope will be pointing to the true North. 

If great accuracy is not desired, the variation may be set off directly on the variation 
rin^ in the following manner : If the variation is East, move the zero point of the 
shifting compass ring the amount of variation for the locality toward the astronomical 
East (or toward the transposed W. point in the bottom of the compass box). Then 
clamp shifting ring. When the N. point of needle reads on the graduated ring 
the telescope will then be pointing to the true North. If the declination is West, turn 
the fiAiifting ring the proper amount toward the astronomical West, or toward E. 
point in bottom of compass box. 

The variation plate of our Transits with yoke standard frame has a rack and pinion 
motion with a capstan-headod nut for clamping when in position. To operate it, 
slightly unscrew the capstan -headed nut at side of milled head, set off the variation, 
and then again clamp Uiis nut tightly. 



Splrit-Levels. 

The spirit levels, as regards their sensitiveness, should be in strict keeping with 
the optical power, and the graduations of the instrament, but the quality should be 
of the best. A level-bubble should move uniformly over the same distance, when 
the telescope is made to point on two objects alternately, difl'ering slightly in alti- 
tude, by the leveling screws alone. In change of temperature the bubble should 
lengthen symmetrically fl*om the center; andno matter what its length, it should 
move quickly, without any of the hitching, which is caused usually by a little d5Tt 
introduced when it is filled. 

Of the three levels attached to the complete transit, the telescope level is Uui 
most Bencdtiye. It shonld be sensitive enough for ordiiiary leveling, saoh as^ood 
railroad work. The level in fh>nt, or at right angles to the standards, should be 
sensitive enough to make a line plumb by it to any height; while the third leT»»> 
on the standard is used in levebng up the instnunent, and to establish the n^ 
point for the vernier correctly when vertical angles most be measured. 

The test of the fitness of the various levels for the capacity of the instrument 
should lie in this : that after carefully bi-secting an object in the field of view, in 
such a position of the instrument that all the levels can be read, and then slightly 
deranghig them all with the leveling screws, the bi-section will be accurately made 
after restoring the levels to the exact position they before occupied, by the leveling 
screws aione. * 

lievellngr Screws. 

Messrs. G. L. Berger & Sons usually cut their leveling screws with 32 threads to an 
inch provide the usual four screws in opposing pairs. The plates once set firmly 
apart by tightening two of these screws on the bqvm side^ the leveling of the instru- 
ment is easily accomplished by turning the two screws of an opposing pair so that 
both thumbs shall move toward each other (when the bubble will go toward the 
right), or both thumbs away fi-om each other, when the bubble will move toward 
the left Instruments intended for triangulation, i, c, reading to 10* or less, should 
however be supported on three, instead of upon four screws. In this case the in- 
strument is rapidly leveled by bringing one level parallel to two of the screws, the 
other level will now be at right angles to it. Level both levels at the same time 
by turning one of the screws to which the first level is parallel and the screw 
which is at right angles to this level. Of course the instrument may now be 
reversed to guard against non-adjustment of the levels. 
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Three Levelin^r Screws versus Four. 

Tottieitndent of the progress in Engineers' field instruments, theqaestion often 
presents itself as to the comparative merits of an instrument provided with three, 
over one having four leveling screws. It should be here remarked that the greater 
portability existing in instruments provided with four leveling screws still com- 
mends itself to all using the more customary class of instruments. However, the 
finest class of field instruments, requiring spirit-levels corresponding to the fine^ 
ness of graduation, cannot be advantageously manipulated with tour leveling 
screws. The results thus obtained would be little better than those obtained with 
a more ordinary instrument. To insure the full benefit of a finer instrument, such 
as used in trian^ulation, the maker will prudently apply three leveling screws, 
mounted on a basis larger then is usual in instruments with four screws. So, while 
four leveling screws have the advantage of greater compactness and less weight 
three screws have the advantage for closer setting, giving better results. The 
maker will therefore adapt either the one or the other kind to his instruments as 
Um omo may require. 



Quick LeTeling: Attachment. 

[J^'^r iUusirtUt^H *€*f€tg9 zx8.] 

As all devices of this kind detract more or less from the stability bf an instrn- 
ment, it seems they never have been regarded with much finvor by the engineering 
profession at large. There are cases, however, where the use of such a device, in 
a mouutainous country, or in underground work of a close character, becomes very 
desirable. Messrs. C. L. Berger & Sons' device, unlike devices of a similar kind form- 
ing a part of the instrument proper, consists of a coupling with a ball and socket joint 
which can be screwed between the instrument and tripod. As this intermediate 
piece forms no part of the instrument itself it can be readily attached or detached 
at will, thus adapting the instrument to the circumstances and to the class of work 
In hand. For this purpose the threads of this coupling or quick-leveling attach- 
ment, and those of the instrument and tripod are identical; and as all their transits 
and levels with four leveling screws are interchangeable on any of their tripods^ 
one such coupling is sufficient for an engineer's outfit. In fact one «xtra tripod 
permanently provided with this quick-leveling attachment may be kept ready for 
occasional use in an office where there are a number of their instruments. 

To use this quick-leveling attachment proceed as follows :^Screw it to the 
instrument, and then screw Doth to the tripod in the usual manner, taking care 
that tlie coupling becomes firmly fastened thereto. Now to operate it, slightly 
unscrew the instrument from its hold upon the fiange of the coupling by means of 
the milled edges provided for this purpose, and move it approximately into a level 
plane, then again screw the instrument firmly to the coupling same as before. 
This being accomplished, move the instrument over the given point on the ground 
by means of the centering arrangement described later on, and level up carefhlly 
by the leveling screws alone. It will be seen that this quick-leveling attachment 
is operated entirely independent of the leveling screws or centering arrangement. 
Of course, when this device is to be used for several days in succession, it is not 
necessary to detach it ft'om the tripod everv time the instrument is to be removed. 
In sueh cases the instrument only should be detached from the coupling. When- 
ever it becomes desirable to detach the coupling from the tripod, it can best be 
performed by aUowing the instrument to remain fastened to the coupling, then by 
taking hold of the milled edge of the coupling unscrew in the usual manner. In 
cases where the coupling has been permanently attached to a tripod^ the small 
screws connecting it to the tripod head must first be removed. 

To secure the greatest possible stability to the instrument, the outside diameter 
of the hollow hemisphere is equal to the distance bietween the leveling screws of 
the instrument; and to secure a smooth and ready action, leather washers are 
provided in the socket whtch act against the hemisphere. However, when the 
instrument is clamped to the fiange of the coupling these washers recede^ and the 
metal surfaces are brought into direct contact with each other. 

The Oradlenter Screw. 

This very convenient attachment consists simply in a screw working against 
the clamping arm suspended firom the horizontal axis, and on the opposite side 
fi-om the vertical arc. A strong spiral spring is set directly opposite the screw, 
and presses the clamp arm against the end of it. This screw is cut with great care 
in a lathe. It has a larse silvered head graduated into fifty equal parts. As the 
screw is turned, the head passes over a smiEdl silvered scale, so graduated that one 
revolution of the screw corresponds to one space of the scale. 
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Obyiously then, the number of whole revolutions made by the screw, in turning 
the telescope through a vertical arc, can be ascertained from this scale. The clamp 
urm of the telescope has its clamping screw just above the horizontal axis, in the 
usual manner. When tliis screw is free, the telescope mav be revolved ; but when 
it is clamped, the telescope can only be moved by the grauienter screw, which thus 
takes the place of tlie ordinaiy vertical tangent screw. The screw is cut with such 
a value of a single revolution, as to cause the horizontal cross-line of the telescope 
to move over a space of j^ of a foot, placed at a distance of 100 feet, when the 
screw is turned through one of the smallest spaces on its graduated head; and 
since there are fifty such spaces on the head, it follows that one revolution of the 
screw is equivalent to ^ of a foot, at a distance of 100 feet. The numbered gradua- 
tions on the screw head are then each equivalent to n of a foot in 100 feet ; and two 
entire revolutions of the screw would be twice ©, or 1 foot to the 100. It is readily 
seen that grades can be established with great rapidity with this screw. It is only 
necessaiy after setting the gradienter screw to zero, and leveling and clamping the 
telescope, to move it up or down as many spaces of the head of the gradienter screw 
as there are hundredths of feet to the hundred, in the grade to be established. 
Thus, to establish a grade of P 85, the screw head is turned through three whole 
spaces of the scale, which corresponds to I.'* 50, and tlu*ough three of the numbered 
divisions, and five of the shortest ones to make up the entire reading of I.'* 85. 

For measuring distances this screw takes the place of stadia lines, and is more 
convenient ; since for any approximately horizontal distance, the space on an ordi- 
nary leveling rod expressed In hundredths of feet, hicluded in two revolutions of 
the screw, will be the number of feet the level rod is distant from the center of the 
instrument. Thus the difierence between two readings of the level rod was 2" . 965 
when the telescope was moved m altitude through two revolutions of the screw. 
The rod therefore was distant 296.5 feet. 

It is unnecessary even that a leveling rod be used. A ran^ng pole or walking 
stick, or any arbitrary length which can afterwards be measured, will suffice. Thus 
a stick, which was afterwaids measured and fomid to be 3". 38 long, was found to 
be subtended by 3^ revolutions of the screw at an unknown distance. 

la this case the distance was — 



3.38 
1.58 



Xl00r=213.9feet. 



In case, however, the distance to be measured is not approximately in the same 
level plane with the transit telescope, it is necessary to compute the distance, from 
the readings of the rod. In taking such readings at an altitude, it is customary to 
incline the rod towards the telescope, and by trial find the least space subtended by 
two stadia lines. A skilfUl rod-man will plumb a rod more readily than he can 
incline it at the proper angle, and a reading of the plumb rod can be taken with 
ip*eater accuracy, and in &ss time than with the inclined rod ; but it ordinai'ily 
Involves some additional computing to reduce such vertical readings to horizontal 
<listances. With the view of reducing the computation to a simple multiplication, 
the foUowiog table is appended with the trignometrical argument on which it 
depends. The engineer will notice the solution is not rigorously exact, but is Ba£- 
ftdently so for all cases in practice. 
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In the above figure, 

TH=the transit horizontal sight line. 
The angle H TB = the angle of elevation of the telescope to the foot of the rod 
=E. 
" '' BTA=the angle subtended by any number of revolutions of the 
gradienter screw = G. 
AB= the length of the rod included by the angle G, when the rod 
is vertical =R. 
CB is drawn perpendicular to TB. 

Thenr, CBA-=BTH=E TAH=90*— (E + G) 

BC_,, ^ (90^- (E + G)) ^^g ^ ^^g ^_g^^ ^ g.^ ^ 

XB-^'° 8ln(^(y4.6) ^ " • co8G« 

.-. BC=R (cos E— tan G sin EO 

tan Cr =— where h is the height above a horizontal line, subtended by 
one revolution of the gradienter screw at a distance a. 
, n is the number of revolutions made in any given case. 

BT=^BC=B,^(cosE-^8lnE) 



and 



•.BT=R (^cosE — sinE^ I. 

HT=BTco8E 
.HT=R (^^cos*E— %sin2E) ....... H. 



Formulas I and II are general formulas for any gradienter screw. In 0. L. 
Berger & Sons* transits the screw is cut and placed so that when a =100, for 
n «=2 and ^=s|, by substitution these formulas become, 

BT = R (100 cos E — sin E.) 
HT=R(100cos*E— J^ sin2E.) 

Where BT= the direct distance from the center of the horizontal axis of the 

transit to the foot of the vertical rod. 

HT =the horizontal distance from the center of the horizontal axis of the 

transit to the plumb line dropped from the foot of the vertical rod. 

R=the space included on the vertical rod by two revolutions of the 

gradienter screw. 
E=the elevation of the foot of the rod above the horizontal sight line 
of the telescope. 

When the angle B becomes an angle of depression instead of elevation, then the 
pohit B is the upper end of the part of the rod used, A B. The distance B T in 
this case is the direct distance between the center of the horizontal axis of the tele- 
scope and the upper readuig of the vertical rod in the valley. 

The distance HTis, as befofe, the hoiizontal distance between the center of 
the horizontal axis of the telescope, and the plumb line prolonged in this case 
upwards from tlie upper end of the vertical rod. The plumb line m all cases coin- 
cides with the direction of the rod. 

By means of the folloi;ving table, it is only necessary to multiply the factor 
opposite the angle of elevation, by the space included upon a vertical rod by two 
gradienter screw revolutions, to obtain either the direct or horizontal distance of 
the center of the horizontal axis of the telescope from the foot of the rod; or the 
same distance fh>m the upper reading of the vertical rod in the case of an angle of 
depression. 
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Oradlenter Screw Table I. 

Factors to be multiplied by the space on the vertical rod expressed In feet and decimals, 
included in two revolutions of the gradienter screw, to find the distance of the foot 
of the rod from the center of the horizontal axis of the transit telescope. 



Angle of 
Elevation 


Factor for the 
Direct Diuance 
(nocotE-rinE) 


Factor for the 

Horizontal Uut. 

(•oocpa»E-}4 

laaE) 


Angkof 
Eleration 


Factor for the 
Direct Distance. 
(lOBCoaE-aiBE) 


Factor for the 

Honxontal Dial. 

(loecoa'F— K 

ainaE) 


o / 






• » 








100.00 


loaoo 


15 


96.33 


93.05 




99.96 


99-94 


15 30 


96.09 


9»-59 




99.90 


99A| 


16 


95-85 


91.14 




99.8r 


99.67 


16 30 


95.60 


91.66 




99.69 


9945 


»7 


95.34 


91.17 




9953 


99-15 


17 30 


95-07 


9a66 


6 


99-34 


98.80 


18 


94.80 


90.17 


7 


99-13 


98.39 


18 30 


94-5* 


89.63 


8 


98.89 


97.93 


19 


94.33 


89.09 


9 


98.61 


97.41 


19 30 


93-93 


88.54 


lO 


98.31 


96.81 


20 


93-63 


87.98 


lo 30 


98-»5 


96.51 


20 30 


93.32 


8741 


II 


97-97 


96.17. 


21 


93.00 


86.83 


II 30 


97-79 


95.S2 


21 30 


92.67 


86.3a 


13 


97.60 


9547 


22 


9*-34 


85.63 


la 30 


97.41 


95.11 


22 30 


92.01 


Ssjoi 


13 


97.21 


94.73 


23 


91.66 


84.37 


13 30 


97.01 


94-33 


23 30 


9»-3» 


83.75 


«4 


96.79 


93-9* 


24 


90.94 


83.08 


14 30 


96-56 


9348 


24 30 


90.5? 


8243 


IS 


96-33 


93.05 


25 CO 


90.21 


81.76 
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In practically applying this table, it is preferable to take the mean of sevenJ 
readings of the roil hi each position of tlie gradieuter screw.* 

Tluis, with the target near the foot of tlie rod, and then moved to correspond to 
two revolutions of tlie gradieuter screw, tliree readings In each position were as 
follows : 

I. II. 



Altitude IS 

o.m 

0.627 
0.625 


02fy 






8.380 
8.376 
8.378 


Means, . . . 0.626 
Difference 


8.378 
0.626 

. 2.752 


Factor for direct distance foi 


rl8*> = 

• • • 


= 94.80 
==94.51 


For 


Horizoi 


Differences, 


«0.29 





Distance >B 90.17 

'^ =89.68 

0.54 

llierefore, the factor, for 18^20' will be tor the direct distance 94.80,—^ of 0.20 
-« 94.61, and for the horizontal distance, 90.17— J/J of 0.64=89.81. 

Then we have, 2.752 X 94.01 = 200.37 = the direct distance. 

2.752 X 89.81 «= 247.15 = tlie horizontal distance. 

This dii*ect distance being the distance fh>m the position of the foot of the rod 
or the lower target to the center ol the horizontal axis of the telescope,! and the 
horizontal distance, the one usually desired, that distance reduced to a level line. 

Tlie mean value of two revolutions of the Gradienter Screw in arc, is 34' 23^. 
Hence the value in arc of one of its smallest divisions on the head is 20* nearly. 
Vertical angles therefore may be laid off with facility when they are confined to 
the range or the screw. 

•To insure at all times accurate results, the telescope asds should revolye iree» hut without any looseness in 
die hearings. The engineer should esounine these beariivi^s from time to tinoe, and, if necessary, fresh and pore 
watch oil must he applied. 

To make a measurement with a micrometer screw, its graduated head should he set hack aQgjhtlr»llMn brini 
it op to the readings in the same direction in which the measurement must he effected. 

^ Should the engineer desire the direct distance between the foot of the rod, and ikt^cmi Mvr w hic h iht 
HnmiiMf is tusptndtdt it may be found by the following formula. 

or putting it in a shape adapted for logarithmic computation, 

co$q ""«•»«« f^ ^^__^) 'V ff/. 

Where x ss the distance from the point under the plumb-bob to the foot of the vertical rod. 
4/^= the direct distance obtained as above. 

/ = the distance from the center of the horizontal axis is to the point under the plumb-bob. 
M avthe angle of elevation of the foot of the rod, as above. 
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The subjoined table affbrds a ready means of expressing any number of reroln- 
tlons, and parts of a revolution, in arc; and the converse, of degrees, minutes and 
seconds, in revolutions of the screw : 

Oradienter Screw Table BE. 



To convert a reac 


ing of the Screw 




To convert Arc into a reading of | 




Into Arc. 










the Screw. 




1 


Gnufienter 
Screw. 


Arc 


Gni/dienter 
Screw. 


Arc 


Arc. 


Gradienter 
Screw. 


Arc 


OnOunta 
Screw. 


Rer. Dir. 


/ iif 


Rev. 


Div. 


/ /r 





' ff 


Rev 


Div. 


/ /r 


Rer. Div. 


O O 


000 


2 





34 25 











0.0 


8 00 


23.5 
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Thus^the telescope beln^ leveled, the gradienter screw was turned through a 
space of 11*^' 23***'- required the arc : 

11 revolutions, =3° 9' 1(F 

20 divisions, =0 6 50 

3 *^ =0 10 



The whole arc, ... =3° 17' 00" 

Conversely, it was desired to turn off a vertical angle of 4** 35' 40'^ 

Then we have — 

4® 0' 0" = 13~^- 48*'-.0 

30 = 1 37 .0 

5 0=: 15 .0 

40 = 2 .0 



The space on the head of the screw == 16'"- 2*^- .0 

The engineer will bear in mind that the examples given are purposely given in 
detail : that in practice the operations may be mental ones. 

It will be seen that the vertical gradienter can be used for a variety of purposes ; 
measuring distances, grades, difierences of levels, vertical angles, and is a usefUl 
check agamst errors of rod or chain measurement. 

Messrs. 0. L. Berber & Sons have also applied the same principle to their hori- 
zontal tangent screws. By graduating a silver head attached to these screws sub- 
divisions of one minute of arc are readily made. 

For constant use with these screws It is better to have a rod with two movable 
targets, or a rod painted with white and black squares as used in the coast survey. 



Stadia Liines 

The gradienter screw is so universal in its application and can be so readily use<) 
for angular, distance or grade measures, that it will generaUy be found best to have 
it upon transits designed for current work. There are some cases however where 
stadia lines are more expeditious in use than the gradienter screw, and give quite 
as exact results. 

Stadia lines, for instance, where an instrument is to be used for distance measures 
alone, commend themselves for their greater simplicity. For such work, nou-adj ust- 
able hues, in connection with an inverting eye-piece, give the best results. If the 
lines are adjustable, hi the Held usage of an instrument they may alter their distance 
apart; and there is a rapidity of work with tixed lines, and a rod graduated for 
teleinetrical work, which is not reached in any otiier way. 

These lines may be webs, or platinum, or they may l>e ruled on glass. The lat- 
ter are extremely accurate, but the use of them is necessarily Umited in the tele- 
scopes of field instruments for the following reasons : thin as the glass may be on 
which the lines are ruled, and intercepting only a small amount of light, yet the film 
of dampness and dirt soon collecting on it will intercept a great amount of light 
which in time may become a very serious impediment in the use of the telescope. 
Another objection to their general adoption consists in the fact that as the image 
of an object is focussed in the plane of these glass-lines, a portion of the light of the 
Image will become reflected from the polished surfaces of this glass, causing at 
times a disturbance in the clearness of vision. Besides, this glass-" micrometer,'' 
as placed in most telescopes, is very difficult of access and must needs be removed 
for cleaning, thereby increasing the liability of becoming broken, or detached Iron 
tto mounting. 
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Plumbing: and Centering Arrangements. 

it now remains to speak of several conveniences of the instrument under oon- 
tideration. By a simple mechanical contrivance the plumb-bob when suspended 
fh>m the instrument can be set immediately at any desired height. It is suspended 
directly from the center of the instrument, and not from the tripod head. This 
precaution shou''* be taken ^^^^th every instrument, since otherwise, when there is 
difficulty in settuig up an instrument, and the legs are unsynmietrically placed, the 
plumb-line will not pass through the center of the instrument. 

The instrument is provided with the shifting tripod, better known as the shifting 
center, by means of which, when the plumb-bob of the instrument is within a fhustion 
of an inch over a point on the ground, it may be brought hnmediately over it, by 
moving the body of the instrument on its lower level plate. This is probably the 
greatest time-saving arrangement which modern makers have introduced in engiiH 
eers^ transiti. 



Shifting: Center for a Transit with Three Levelingr Screws. 

There are several methods of placing a level or transit with three leveling screws 
upon the tripod head. One is the tribrach style where the leveling screws rest in ra- 
dial grooves in a triangular shaped foot-plate which screws on to the tripod. This 
method is used extensively in Europe, but, as the instrument rests only by its 
own weight in these grooves it is liable to changes in position during use and this in- 
stability becomes greatly aggravated when the leveling screws become worn. 

Another method in transits is to rest the leveling screws, provided with small bearing 
cups or washers at their lower ends, directly upon the smooth top surface of the tripod 
head to allow centering of the instrument over a given point. The pressure of a spiral 
spring forming part of the instrument fastener is then applied to fix the position of 
instrument on the tripod head. 

This latter method of connecting a transit to a tripod is very insecure, inasmuch as 
the slightest change in the position of the instrument, while reading a series of angles, 
will greatly affect the results. 

Thus it \a seen that a transit lacking 
the necessary stability on its tripod 
often proves almost useless in the 
finer field-work. 

Messrs C. L. Berger & Sons make 
the leveling screws* to rest in radial 
grooves in a separate piece made to 
slide on the tripod head as shown in 
cut. A clamp-nut, provided with a 
large flange and handles, serves to 
secure this sliding piece to the tripod 
in any position in the range of its 
lateral motion. The histrument fas- 
tener, being part of the tripod proper, 
has a large cyUndricai hole in the 
threaded stem to allow the hook and 
chain, suspended directly from the 
transit center, to pass through and 
to swing freely in every direction, so 
that when the plumb-bob is attached 
its point will be truly in the continu- 
ation of the vertical center of the 
instrument. The milled head at the 
lower end of the fastener serves to 
screw the latter to the instrument, 
and a milled headed nut acting against 
a spiral spring secures the instrument 
to the tripod. In use, the pressure 
of this spring must be suflBcient to 
take up the back lash or any loose- 
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ness that may exist in the leveling screws; but to secure the necessary stability of the 
instrument to the tripod, the clamp-nut should be well fastened to the sliding piece. 
To operate the shifting center, both the spiralnspring and the clamp-nut must be re- 
leas?d slightly from their hold upon the tripod and the sliding piece, when the instru- 
ment can be moved over the given point on the ground. This device adds about 2 lbs. 
to the weight of the tripod. 

'Arransrement for Oflkietttiisr at Bight Angles. 

Hie most common off-aiet with the transit Is one at 90** to the line of sight. 
Several methods have been proposed for doing this without disturbing the telescope. 

Messrs. 0. L. Berger & Sons have a very neat one ; it consists in simply per- 
forating the horizontal axis, so that by drawing the head back fifteen or twenty 
inches from one end of the axis, the eye may be placed so that the eye, the hori- 
zontal axis of the telescope, and a rod set beyond, may be readily placed in the 
same straight line, at right angles to the line of sight of the telescope, no matter 
at what altitude the telescope may be pointing. 

In ofl^etting by the arrangement proposed above, the rod is made plumb by 
lining it with the plumb-line ot the instrument itself. The advantage of this method 
is, that it holds equally well for any incUnation of the telescope. The disadvantage 
is, that the engineer is obliged to leave the eye-end of. the telescope at each offset 
made 



Setting: Up. 

In setting up a transit, push the iron shoe of one leg firmly into the ground, by 
pressing on the other two legs near the tripod head. Having secured a flrtn foundf- 
ation for this leg, separate the other two legs, at the same time drawing the tripod 
head toward you. Then set the two remaining legs in the same manner as the first 
one. Ifthe ground is pretty level, merely noticing that the tripod feet are equi- 
distant, r 111 insure that no unsightly appearance wlU be given to the leveling screws. 
If the ground is uneven, however, nothuig but practice can produce a graceful 
position of the instrument. The plumb-bob attached to the instrument should 
swing within say half an inch of the point on the ground, and the plate on which the 
leveling screws rest, if possible, should be approziiuately horizontal, when Uiis 
stage is completed. 

Now with the level screws not tightened up, after leveling approximately, 
bring the plumb-bob exactly over the point on the ground, by moving the body of 
the histrument on its shifting head. Then complete the leveling of the instrument* 
and it is ready for work. 

Tlie Adjusting of the Transit 

Ifthe instmment is out of adjustment generally, the engineer will find it profit- 
able to follow the makers in not completing each smgle adjustment at once, but 
rather bring the whole instrument to a nice adjustment by repeating the whole 
series. 

After setting up, bring the two small levels each parallel to a line joining two 
of the opposhig leveling screws. Bring both bubbles to the center of the level tubes, 
by means of the leveluig screws. In uohig this, place the two thumbs on the inner 
edges of the two leveling screws, parallel to the bubbles, and the fore 'fingers of 
each hand on the outer ^ge. Turn the leveling screws so that both thmnbs move 
inwards or both outwards. In the former case the bubble will move toward the 
right, in the latter case toward the left. 

Now turn the L:.strument 180° in azimuth. If the small levels still hare thdr 
bubbles in the center of their tubes, these levels are adjusted, and the circles are 
respectively as nearly horizontal and vertical as the maker mtended them to be. 

Ifthe bubbles, however, are not in the center of their tubes, then bring them 
half way back by means of the leveling screws, and the remaining half by means 
of the adjusting screw at the end of each of the level tubes^ 

It may be necessary to repeat this adjustment several times, but when made, the 
instrument once leveled will have its small levels in the center of their tubes through 
an entire rotation of the cu'cle. 
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To make the adjustment for Parallax. This adjustment common to all tele- 
scopes used in surveying instruments is that of bringing the cross hairs to a sharp 
focus, at the same time with the object under examination. Point the telescop« to the 
sky, and turn the eye-piece until the cross hairs are sharp and distinct Since the 
eye itself may have slightly accommodated itself to the eye-piece, test the adjustment 
by looking with the unaided eye at some distant point, and while still looking, bring 
the eye-piece o^ the telescope before the eye. If the cross hairs are sharp at the 
first glance, the adjustment is made. Now focus in the usual manner upon any 
object, bringing the cross hairs and image to a sharp focus by the rack work alone. 
A point shoidd remain bi-sected when the eye is moved from one side of the eye- 
piece to the other. 

To make the vertical cross-line perpendicular to the plane of the hori- 
zontal axis, simply bi-sect some point at the lower edge' of the field of view of the 
telescope by means of the tangent screw and note whether it continues binsected by 
this cross-line throughout its entire length when the telescope is moved in altitude. H 
it does not, and the point is to the right of the line in the upper part of the field, the 
adjustment is made by loosening the four capstan-headed screws, and rotating the 
reticule in the direction of a left-handed screw, until the point remains bi-sected and 
then tighten all four adjusting screws. Again, bi-sect the point by means of the tan- 
gent screw. It should now remain bi-sected throughout the length of the crosB-Une, if 
not, this operation must be repeated. 

To adjust the horizontal wire proceed as follovTS : In transits of our make 
which have erecting eye-pieces the mechanical construction of the telescope is so 
perfect that the horizontal wire may be placed in the optical axis by simply placing it 
in the center of the field of view by the adjusting screws. See dif^ams on page 58. 
However, in telescopes having inverting eye-pieces the horizontal wire can be placed 
in the optical axis only bv rotating the telescope in improvised wyes. 

To adjust the vertical wire which in the transit is the most important. When 
that is to be alone adjusted in the field, it is usually done according to the following 
simple directions: Level up the instrument approximately and select two distant points 
in opposite directions from the instrument, preferably in the same horizontal plane, such 
that the vertical cross-line will bi-sect them both when the telescope is pointed upon 
one, and then the telescope is reversed on its horizontal axis. After bisecting the 
second point selected, revolve the instrument in azimuth and bi-sect the first point 
again by means of the tangent screw. Reverse the telescope on its horizontal axis 
again, and if the second point is now bi-sected the adjustment for coUimation of the 
vertical wire is correct. If it is not bi-sected, move* the vertical wire one-fourth of 
the distance between its present position and the point previously bi-sected. 
A^ain bi-sect the first point selected, reverse the telescope and find a new point pre- 
cisely in the new line of sight of the telescope; these two points will now remain 
bi-sected when the instrument is pointed upon them in the manner described above, if 
the adjustment is correctly made. If the two points are not now both bi-sected, the 
adjustment must be repeated until this be the case. 

To determine whether the standards are of the same height, suspend a 
plumb-bob by means of a long cord from a height say of from thirty to forty feet. The 
plumb-bob may swing in a bucket of water to keep it steady. (Instead of a plumb- 
line the refiection of a church spire or edge of a tali building or any other convenient 
object may be viewed in a bucket of water.) Level the instrument carefully, and point 
upon the plumb-line at its base. If the plumb-line remains bi-sected throughout 
its entire length when the telescope is moved in altitude, and then the telescope reversed 
and again made to bi-sect the line throughout its length from its base upward, the ad- 
justment is correct. Otherwise make the adjustment by means of the capstan-headed 
screw directly under one of the telescope wyes. Loosen the screws in the pivot caps 
and turn the vertical adjusting screw right harided to raise the wye bearing one 
quarter of the error to be corrected. If the telescope's axis is already too high, the 
vertical adjusting screw should be loosened a little more than needed and then by the 
screws of the pivot cap the wye bearing should be lowered until it just touches the ver- 
tical adjusting screw. The screws of the pivot cap must now again be loosened and the 
wye bearing raised by a right hand turn of the vertical adjusting screw, as explained 
above, until the telescope's axis is in the correct position. If this is not done the ad- 
justable bearing is likely to stick and not rest on the adjusting screw, thus causing 
liability to derangement. The screws in the pivot cap should then be turned down 
just enough to prevent looseness in the bearings. 

When there are opposing nuts in place of the vertical adjusting screw as is the 
case in almost all of our transits to secure a more ready, positive and above all a last- 
ing adjustment — then while the modus operandi remains the same, the action of the 
adjusting nuts to raise or lower the wye bearings is just opposite from that described 
above. 
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Instead of using a plumb-line a simpler method having the advantage of not re- 
quiring the instrument to be leveled up carefully is as follows: Set up the instrament 
as near as may be convenient to a building, say about 20 feet, in order to get as high an 
altitude as possible. Level up only approximately, clamp and bi-sect a point at the 
base by the tangent screw. Then elevate the telescope and find a well-defined object 
as high as possible, only using the telescope^s horizontal axis. Now reverse telescope 
and move instrument on its vertical center, again clamp, and bi-sect the point at the 
base. If when the telescope is elevated it bi-sects the high object selected the adjust- 
ment is correct. If it does not, proceed as described in the above method. 

To adjust the level to the line of eollimation of the horizontal wire one 
method is to use a sheet of water, or where that is not available, two stakes which are 
driven with their surfaces in the same level plane.* 

To make the adjustment with the stakes, level up the transit half way 
between two points lying very nearly in a horizontal line, and say 800 feet apart 
Drive a stake at one of these points, place Uie rod on it and take a reading, first bring- 
ing the bubble to the middle of its tube. Point the telescope in the opposite direction, 
again bring the bubble to the middle of its tube, and drive a second stake at the second 
point selected until the rod held upon the second stake gives the same reading as when 
held upon the first stake. The tops of these two stakes now lie in the same level line. 
Take up the transit and set it outside in line, as near as it can be focussed on the 
first stake and level up. Now read the rod upon the first stake with the bubble in the 
center and then upon the second. If the two readings agree, and the bubble is in the 
middle of its tube, the adjustment is correct. If the two readings do not agree, then by 
means of the telescope's tangent screw elevate or depress the telescope the amount re- 
quired until the horizontal wire reads the same on the distant rod. Next ref ocus 
on the near rod, take a reading, then focus on the distant rod and see if the readings 
are the same, if not, by means of the tangent screw again make the horizontal wire 
read the same as on the near rod. Repeat this operation until both rods read 
the same. Now with the horizontal wire bi-secting the distant reading make the ad- 
justment of the level by its capstan-headed nuts until the bubble is in the middle of its 
tube when the level will be parallel to the line of eollimation. 

Another method of adjusting the attached level to the Transit Telescope 
will be found on page 63. 

To adjust the verniers of the vertical arc or full circle to read zero, in our 
Engineer's Transit having the vernier between the legs of the standard. First level 
up the instrument carefully so that the telescope's bubble will remain in the middle 
of its tube when turned 180° in azimuth. Then set the zero of the vernier to read 
within about ^ minute right with zero of the vertical arc. Then by the vertical 
tangent screw place both zeros in coincidence and examine the 80' lines and if short 
the vernier must be moved inwardly so that both of the end lines in the double vernier 
will read right. If too long the vernier must be moved outwardly until this is 
attained ; then fasten tightly. Now unloosen only just enough the screws that hold 
the vertical arc or circle to the horizontal axis, to permit of a slight shift, and then 
with the bubble in the center slightly tap one of the spokes of the arc with the handle 
of the screw-driver, until the zero of the vernier and that of the vertical arc are in 
coincidence. This accomplished now fasten the vertical arc tightly to its flange. 
Again level up the telescope as described above and see if the adjustment is correct; if 
not, again slightly unloosen the vertical arc, tap it into position, repeat the same opera- 
tion over again until it is correct. 

NOTE.— If the vernier for the vertical arc is sii^le, made to read both ways, in 
reading it proceed to the right or left on the upper line of figures in the direction of 
the graduation used, and if the coincident line of the vernier is beyond the 16' line, 
continue on the lower line of figures on the other half of the vernier, so that the whole 
graduation from 0' to 30' lies in the same direction. The verniers of our vertical arcs 
are however, made mostly double as described on page 37. 

The Adjustments of the FuU Vertical Circle with Double Op- 
posite Verniers. 

When the vertical circle In the Engineers' Transit is provided with a 
vernier at eye-end or with double opposite verniers, the adjustment of the 
vernier zero for normal position should be made by the two opposing capstan-headed 
screws attached to the vernier frame at side of standard. Then to be lasting and 
to avoid any strain upon the frame and lugs carrying these adjusting screws, pro- 
ceed as follows : — First level up the instrument so that the bubble of the telescope 
and plate levels remain in the center of their tubes when vernier plate is turned 180^ 
in azimuth', then the zero of vernier '*A,^* at eye-end, should be adjusted by the 

• In fseneral practice one will locate the stakes permanently at some convenient place near the^T^ 
Office to aiford a ready means of verification from time to time. Digitized ^ V LC 
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capstan-headed screw at left to read zero with the circle, by first releasing the opposing 
screw at right — which is now provided with a milled head — and then with the finger 
slightly pressing the vernier frame against the left hand capstan-headed screw, turn the 
latter until vernier '* A " reads zero. Then carefully turn the milled headed opposing 
screw at right towards the stud until it barely touches. It is best to leave even a 
little looseness betvreen the stud and opposing screw rather tlian to have 
the least strain. (Such minute looseness can be easily felt by the fingers but it 
should never affect the readings if the looseness is not excessive.) In following 
this method we reiterate, that the above adjustment will keep for years and 
there being no strain betvreen the opposing screws and stud, the telescope's 
axis w^ill aiw^ays revolve vrith perfect freedom in the vryes, nor "will there be 
any danger to warp or fracture the frame. 

If the telescope is reversible over the bearings as in the Transit Theodolite, 
then the vernier frame requires a reverable tangent screw in place of the opposing 
adjusting screws just explained above. Then before a vertical angle can be taken, 
the adjustment of the vernier zeros for position must first be made by the vernier 
f rame^s tangent screw when the telescope^s level bubble is in the center of its gradua- 
tion. In this latter case it is not always necessary to carefully level up the whole 
instrument. 

If a vertical circle has a level attached to its vernier frame as in most Tran- 
sit Theodolites then the adjustment of this level and verniers for position must be 
made in the following manner: 

Place the telescope in the horizontal plane by means of its tangent screw, then 
move the vernier frame's tangent screw until the zero Une of the double verniers, 
marked A, is in coincidence with the zero line of the vertical circle, and now raise or 
lower the adjastmg screw of this level, as the case may be, until the bubble is in the 
• centre of its tube. 

It is now supposed that the zero line of the double opposite verniers, marked B, is 
also in coincidence with that of the vertical circle. If not, the verniers marked B, can 
be moved after releasing the capstan-headed screws, until both zero lines on that side 
of the vertical circle are also in coincidence. However, this is a very laborious pro- 
ceeding for those uninitiated in this work, and as it cannot always be made quite exact, 
owing to the mode of mounting the vertical circle on the telescope's axis, it will be found 
easiest to eliminate errors of exoentricity in the graduation of the vertical circle and 
verniers by reversing the telescope and taking the mean of the readings. The vertical 
circle is generally graduated from 0^ to 90^ and back, and the verniers are double, 
so that angles of elevation and depression can be read with ease and dispatch. 



The Striding Level resting on special collars between the 

standards of the engineers' and Surveyors' 

Transit, sizes No. 1, 2 and 11. 

In transits reading to minutes and half-minutes, the plate-level in front of the tele- 
scope is generally sufficiently sensitive to insure good work. However, an instrument 
of the class as shown and described under No. 1 d, should always be provided with a 
striding level, to insure a degree of accuracy in keeping with its greater capability. The 
sensitiveness of this striding level is equal to that of the long level on the telescope. 

Thus it will be seen that in a transit of this description the plate>levels serve'only 
the purpose of leveling up generally, and that in all cases where the objects vary con- 
siderably in height, the striding level only should be depended on at every sight. The 
striding le el of this instrument rests on two cylinders of equal diameters,, at points 
between the standards on the cross-axis of the telescope. As shown in the cut, the 
striding level can be left on the cross-axis when the telescope is revolved in altitude. — 
To verify the adjustment of the striding level (in other words, to make its axis parallel 
to the cross-axis) level up the transit and bring the bubble to the middle of its tube, re- 
verse the striding level on the cylinders and see whether it reads the same; if not, re- 
move half the error by the leveling screws, the other half by the capstan-headed screws 
at the end and repeat until corrected. To verify the side adjustment of the level, re- 
volve the telescope 20 or 30^, and note whether the reading of the bubble remains the 
same, if not, correct the error by the capstan-headed screws at the side. To verify the 
adjustment of the cross-axis of the telescope for right angles to the vertical axis of the 
transit, revolve the instrument 180° in azimuth, and assuming that both cylinders, on 
which the striding level rests, are equal in diameter, a change in the reading of the 
bubble will indicate double the amount of error. To correct it, remove half the error 
by the leveling screws, the other half by the Wye adjustment of the standard. — 
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Adjustment of the Improved Transverse Striding Level 

resting^ on special collars for the iEngineers' and Surveyors' 

Transits, sizes No. 1, 2 and 11. 

This striding level differs from the one formerly made by us, and referred to in the 
preceding article, in several respects. It permits of a longer spirit-level in the same 
length of outer tube— so important in this case on account of the short available dis- 
tance between the collars; and is simpler in design, so that after an adjustment has 
been once properly performed, barring accidents, it hardly ever needs to be repeated 
again. 

To make a readjustment: first find out whether the level needs a lateral adjust- 
ment by placing it on its collars with instrument leveled up, and fastening it by the 
milled headed nut to the horizontal axis, place the bubble in the center of its tube by 
the leveling screws, and then elevate and depress the telescope 10^ to 20^ from 0; note 
carefully the amount of displacement of bubble, also which one of the two capstan- 
headed screws (one white and one red, to readily distinguish one from the other) must 
be moved one-half the error; move screw outwardly if bubble must be moved away from 
this screw, and inwardly if bubble must be raised towards it to make the level tube 
laterally parallel to the transverse axis of the telescope. Then move the other adjust' 
ing screw an equal amount, but in the opposite direction to retain the same height of 
leg, and repeat this adjustment until one-half the error is corrected. Before operating 
any of the adjusting screws first remove the level from the collars. 

This accomplished, now make the longitudiual adjustment. Clamp the tele- 
scope in the horizontal position and reverse the level on its collars; note whether the 
leg with the screws should be raised or lowered to bring the bubble to the center of its 
tube, and then turn each screw, alternately, an amount equal to one-quarter the error 
(inwardly if the leg is to be raised, or outwardly if leg is to be lowered) in order to 
eliminate one-half the error of the level-tube sought to be corrected. Then again re- 
verse the level on its collars, and repeat this adjustment if necessary. If the level has 
been considerably out of adjustment it will be well to again verify the lateral adjust- 
ment in the manner prescribed for it above, and also to repeat the longitudinal adjust- 
ment by again following the method just explained until completed. — Remember, that 
if the leg has to be raised, both screws must be moved inwardly towards the telescope, 
and that if it has to be lowered, both screws must be moved outwardly in equal amounts. 
This method has been prescribed by us as being the most simple to follow. One some- 
what versed in making adjustments probably may succeed in making it quicker (if the 
level is considerably out) by noting mentally the amount of displacement of bubble for 
the longitudinal and lateral adjustments, and then correcting same simultaneously, or 
nearly so, with one of the screws alone, by moving it in the desired direction. To ad- 
just the height of standards see page 54. 

The Adjustments of the Telescope's Axis of Revolution in Transit- 
Theodolites by means of the Transverse Stridingr-Ijevel resting 
on points of contact in the Wyes. 

The striding-level of the finest class of instruments, such as Transit-Theodolites 
used for triangulatioii wholly, and Mining Transit used mainly for very steep sighting, 
will rest directly upon the cylindrical pivots of the transverse axis, at the circle of 
contact in the wyes. 

Whenever exact vertical motion is desired, the striding-level in such instruments 
should be depended upon to the exclusion of the front plate-level. The latter is then 
entirely subordinate to the striding-level and should be depended upon merely for level- 
ing the instrument approximately. The plate-levels are also useful in indicating 
quickly any large disturbances of position. When the objects sighted at do not differ 
much in altitude, the front plate-level is, in these instruments, sufficiently sensitive to 
give satisfactory results without using the striding-level. 

The adjustment of the transverse axis of revolution. The striding-level 
having been carefully adjusted, level up the instrument generally with the plate-levels, 
put the striding-level in position and bring its bubble to the center of its graduation 
by means of the leveling screws, then turn the instrument 180° on its vertical axis and 
note whether the bubble of the striding-level remains in the center of the graduation. 
If it does, the adjustment is correct. If it does not, correct one-half the error by means 
of the leveling screws, and the other half by means of the wye adjustment of the 
standard. Repeat the process until the adjustment is correct. Observe also, in ad- 
justing the wye adjustment of the standards, that it will be best performed and more 
lasting when the last turns of the lower capstan-headed screw are always applied in 
an upward direction. 
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To adjust the line of eollimation in Erecting and 
Inverting Telescopes. 

Note: — To adjust the line of eollimation in a telescope showing objects 
erect, follow the simple rule that the diaphragm bearing the wires must be moved 
in the direction in which the error is observed (as if to increase the error) ; 
in telescopes showing objects inverted the wires must be moved in the direction 
lessening the error observed. See diagrams below. 



Erecting Telescope. 





To move the horizontal wire for eollimation explained above it must be imder- 
stood that the dotted line in the upper half of the field or view, Fig. 1, shows the hori- 
zontal wire where it is actually situated on the reticule, but that through the re- 
versing action of the erecting eye-piece the cross-wire image is reversed andtherefore 
the horizontal wire is seen in the lower half as shown in the diagram. Therefore, if 
the horizontal wire seen in the lower half of the diafi;ram must oe moved upwards, 
then contrary to the appearance, screw A must be loosened, and B tightened an 
equal amoimt in order to bodily move the wire reticule towards the center of the 
stationary field of view (indicated by the dotted intersection) until one-half of 
the error is corrected when the wire wul be adjusted and appear in the center of the 
field of view, — provided the optical axis of the eye-piece nas been previously cen- 
tered. To move the vertical wire for eollimation explained on page 54, remem- 
ber that the dotted line at the left, Fig. 2, shows the vertical wire where it is actually 
situated on the reticule, but that through the reversal of the cross-wire ims^e by 
the use of an erecting eye-piece it is now seen at the right in the field of view m the 
diagram; therefore, adjustmg screw A must be loosened and B tightened an equal 
amount in order tnat the reticule will bodily move towards B, when the vertical 
wire seen at the right will pass towards the center of the stationary field of view 
(indicated by the dotted intersection) until one-quarter of the error observed is 
removed, when the wire will be in complete adjustment at the optical axis. 



Inverting Telescope. 





nG.3 ^ ^P f^'G'* 

To move the horizontal wire for eollimation, page 54, the observed error must 
be corrected by moving the wire reticule one-half the amount in the direction it is 
lessened, when the telescope is revolved in improvised wyes as in a wye level. Thus, 
Fig. 3, if the wire must be moved down, A must be loosened and B ti^tened an equal 
amount. 

To move the vertical wire for eollimation explained above, the observed error 
must be corrected by moving the wire recticule one-quarter of the amount in the 
direction it is lessened. Therefore, if the wire must come to the right, A, Fig. 4, must 
be loosened, and B tightened an equal amount until the object is attained. 
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THE WYE LEVEL. 

The description of the telescope of the engineer's transit applies with the fol* 
lowing modiiications to the telescope of this level. 

It has a clear aperture of 1^ inches focus, and is 17 or 18 inches long over all, 
the sun-shade excluded. 

The bell-metal collars which rest in the wyes are about 10}^ inches apart and 
1^ inches in diameter. 

On account of the extreme length of the telescope tube, four capstan-headed 
screws are provided for centering the eye-piece. 

The Object-glass focussing screw is in the middle of the tube. The eye-piece is 
focussed by turning a milled ring at the ejre-end. The level attached to the tele- 
scope is about 8 inches long, with about 6 K inches exposed, and having a scale gradu- 
ated on glass for reading the position of its bubble. The bubble is ground to a true 
curvature and barrel form, llie sensitiveness of spirit level is graded to the class of 
work for which the instrument is intended. The level-tube is suspended from the 
telescope-tube in such a manner that at the object-glass end it can be moved in azi- 
muth, with reference to the telescope axis, and at the eye-piece end it can be moved 
in altitude with reference to the same axis. 

Its graduated scale is on the level vial tube, and numbered from 6 to to 5 at each 
end of the bubble. 

The level-bar is about 12 inches long over alL and at its two extremities sup- 
ports the two wyes which rise about 3|| inches from its upper surfkce. One of 
these wyes is adjustable in altitude. The level-bar is attached to a long conical 
center of the hardest bell-metal, which may be clamped to the leveling plate, and 
then a slow motion in azimuth may be given to the telescope, by a slow motion 
screw which presses the clamping bar against a stiff spiral spring. With the sun- 
shade on the telescope, the weight is equaly distributed from the center, each way. 
This is necessary, since a sensitive level. In the nicest work, is affected by any 
unequal strain, though it may seem to be, practically, imperceptible. 

The base, on which the leveling screws rest, has as great a diameter as porta- 
bility will permit ; and the leveling screws are cut with a fine thread. These two 
points add to the ease with which the instrument may be accurately leveled. 

A stop is so arranged that the telescope may be readily set witn its horizontal 
oross-line level, when the instrument is in adjustment. 

The instrument complete is not separable when put into its box. This condition is 
necessary to protect one of the essential adjustments of the level — the adjustment of 
the wyes — from needless derangement. 
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The Adjustment of the Wye Level. 

After the engineer has set up the instniment and adjusted the eye-piece for 
parallax, as described under the engineer's transit, the horizontal orosa-wlre had 
better be made to lie In the plane of the azlmuthal rotation of the instrument. 
This may be accomplished by rotating the reticule, after loosening the capstan-headed 
screws, until a point remains bi-sected throughout the length of the wire when the 
telescope is moved in azimuth. In mailing this adjustment, the level tube Is to be 
kept directly beneath the telescope-tube. When made, the small set screw attached 
to one of the wyes may be set so that by simply bringing the projecting pin from the 
telescope against it, the cross-wires will be respectively parallel and perpendicular to 
the motion of the telescope in azimuth. 

The first collimating of the telescope may be made using an edge of some 
building, or any profile which is vertical. Make the vertical cross-wire tangent to any 
such profile, and then turn the telescope half-way round in its wyes. If the vertical 
cross-wire is still tangent to the edge selected, the vertical cross-wire is coUimated. 

To make the adjustment of the horizontal wire, select some horizontal line, 
and cause the horizontal cross-wire to be brought tangent to it. Again rotate the tele- 
scope half-way round in its wyes, and if the horizontal cross-wire is still tangent to the 
edge selected, the horizontal cross-wire is collimated. 

* Having adjusted the twp wires separately in this manner, select some well-de- 
fined point which the cross-wires are made to bi-sect Now rotate f,he telescope half- 
way round in its vyes. If the point is still bi-sected, the telescope is collimated. A 
very excellent mark to use is the intersection of the cross-wires of a transit instrument 
using same as a collimator. 

To center the eye-piece by the four capstan-headed screws nearest the eye end : 
This is done by moving the opposite screws in the same direction until a distant object 
under observation is without the appearance of a rise or fall throughout an entire rota- 
tion of the telescope in its wyes. The telescope is now adjusted. 

To adjust the spirit level to the telescope, bring the level bar over two of the 
leveling screws, focus the telescope upon some object about 800 feet distant, and put 
on the sun-shade. These precautions are necessary to a nice adjustment of the level 
tube. Throw open the two arms which hold the telescope down in its wyes, and care- 
fully level the instrument over the two level screws parallel to the telescope. Lift the 
telescope out of its wyes, turn it end for end and carefully replace it. If the level tube 
is adjusted, the level will indicate the same reading as before. If it does not, correct 
half the deviation by the two leveling screws and the remainder by moving the level 
tube vertically by means of the two adjusting nuts which secure the level tube to the 
telescope tube at lis eye-piece end. Loosen the upper nut with an adjusting pin, and 
then raise or lower the lower nut as the case requires, and finally clamp that end of 
the level tube by bringing home the upper nut. This adjustment may require several 
repetitions before it is perfect. 

To make the lateral adjustment of the spirit level: The level is now to be ad- 
justed so that its axis may be parallel to the axis of the telescope. Rotate the tele- 
scope about 20° in its wyes, and note whether the level bubble has the same reading 
as when the bubble was under the telescope. If it has, this adjustment is made. If it 
has not the same reading, move the end of the level tube nearest the object-glass in a 
horizontal direction, when the telescope is in its proper position, by means of the two 
small horizontal capstan-headed screws which secure that end of the level to the tele- 
scope tube. If the level bubble goes to the object-glass end when that end is to the 
engineer's right hand, upon rotating the telescope level toward him, then these screws 
are to be turned in the direction of a left-handed screw, as the engineer sees them, and 
vice versa. This accomplished the vertical adjustment of the spirit level for parallelism 
with the line of coUimation of the horizontal wire must now again be ve;rified. Having 
completed this adjustment, the level bar itself must now be made parallel to the axis 
of the level. 

To make the adjustment of the level bar: Level the instrument carefully 
over two of its leveling screws, the other two being set as nearly level as may be; turn 
the instrument 180° in azimuth, and if the level indicates the same Inclination, the 
level bar is adjusted. If the level bubble indicates a change of inclination of the tele- 
scope in turning 180°, correct half the amount of the change by the two level screws, 
and the remainder by the two capstan-headed nuts at the end of the level bar. Turn both 
nuts in the same direction, an equal part of a revolution, starting that nut first which 
is in the direction of the desired movement of the level bar. Many engineers consider 
this adjustment of little importance, prefering to bring the level bubble in the middle 
of its tube at each sight by means of the leveling screws alone, rather than to give any 
great consideration to this adjustment, should it require to be made. 



* See page 58. 
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THE DUMPY LEVEL. 

(For description and cuts see pages 133 to 129.) 

Adjusting. 

Two-PesT Metliod. 

A theoretically perfect dampy level has the same points established that are 
mentioned under the head of wye level; but since its construction differs from the 
YTje level, the methods of adjustment are not so convenient, resembling closely the 
adjustment of the transit telescope and its attached level. After attaching the sun- 
shade remove parallax by pointing the telescope to the sky, and turn the eye-piece un- 
til the cross hairs are sharp and distinct. Since the eye itself may have slightly 
accommodated itself to the ^ye-piece, test the adjustment by looking with the unaided 
eye at some distant point, and while still looking, bring the eye-piece of the telescope 
before the eye. If the cross hairs are sharp at the first glance, the adjustment is made. 
Now focus in the usual manner upon any object, bringing the cross hairs and image to 
a sharp focus by the rack-work alone. A point should remain bi-sected when the eye 
is moved from one side of the eye-piece to the other. 

To place the horizontal cross wire at right angles to the vertical center bi-sect 
some well-defined object such as a chimney top, top of roof, fence-rail or window-sill 
(the best views are against the sky for a background) and move the telescope on its 
vertical center. If the horizontal wire bi-sects the point throughout its entire field of 
yiew it is adjusted. 

If it does not slightly loosen the four capstan-headed adjusting screws (in the 
inverting telescope those nearest the eye-piece or the further set from the eye when 
the telescope shows objects erect) and turn the wire diaphragm until the selected 
point remains bi-sected when the telescope is moved in azimuth throughout the entire 
field of view. 

To adjust the level, bring the level over two of its foot screws, and bring the 
bubble to the middle of its tube by means of the foot screws alone. Revolve the 
instrument 180^ in azimuth, and if the bubble remains in the middle it is adjusted, 
if it does not, then correct half its deviation by the capstan-headed adjusting screw 
of the spirit level, and the remaining half by the two foot screws. Repeat the opera- 
tion over the other two screws, until the instrument may be revolved in any position, 
and the level bubble will remain in the middle of its tube. 

To adjust the horizontal wire so that the line of sight will be parallel to 
the spirit level, one method is to use a sheet of water, or where that is not available, 
two stakes which are driven with their surfaces in the same level plane. 

To make the adjustment with the stakes, setup the level half way betv^een two 
points lying very nearly in a horizontal line, and say 300 fee£ apart. Drive a stake 
at one of these points, place the rod on it and take a reading, first bringing the bubble 
to the middle of its tube. Point the telescope in the opposite direction, again bring 
the bubble to the middle of its tube, and drive a second stake at the second point 
selected until the rod held upon the second stake gives the same reading as when 
held upon the first stake. The tops of these two stakes now lie in the same level line. 

Take up the level and set it outside in line as near as it can be f ocussed on the first 
stake and level up. Now read the rod upon the first stake, and then upon the second. If 
the two readings agree, and the bubble is in the middle of its tube, the collimation is cor- 
rect. If the two readings do not agree, change the horizontal wire* to read the same 
on the distant rod by means of the capstan-headed screws near the eye-piece in the 
inverting telescope and furthest from the eye-piece in the erecting telescope. Refocus 
on the nearest rod, take a reading, then focus on the distant rod and again by means of 
the capstan-headed adjusting screws, make the horizontal wire read the same. Repeat 
this operation until both rods read the same, with the bubble in the middle of its tube. 

The telescope and uprights are in a single casting, which is finished and fitted to 
the level bar, so that the line of collimation may be permanently parallel to it. 

The dumpy level will then be in adjusjbment, since the adjustment of its vertical 
cross line is of no importance. 

Adjustment of the Dumpy Level'— and attached level of 
Transit Telescope. 

Two-Peg Method. 

The following method is simple, direct, and geometrically accurate, requiring no 
approximate measurements from a peg to the center of lens, no trial setting of the tele- 
scope, no trials to drive a peg just enough and not too far, and no auxiliaries except 
level-rod and tape or chain. 

'Contributed by Prof. R. Fletcher, Thayer School Dartmouth College. 
* Sec page 58. 
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On slightly rising ground locate four points a, 6, c and d, on the same line, nearly, 
making bc=Bca, and ad any conyenient distance, preferably not much less than ea, and 
in some simple ratio with it, for ease of calculation afterwards. Set the instrument at 
c ; take readings A' and B' on a and b respectively, carefully leveling before each sight. 
Then, unless the instrument is otherwise much out of adjustment, (B'^A') is the true 
difference of level of a and 6. 

Next set up at d, level carefully, and take readings A"^ and B"' on a and h respec- 
tively. [In strictness the centre of the instrument should not be set over d, but beyond, 
by an additional distance = principal focal length of the object-lens + the distance from 
that lens to the centre of the tripod. (See the Manual, page 87, Fig. 2.) 1 Then (B" — 
A'O — (Bf — AO = B'"=;= error of coUimation in the distance 6a, that is the error aue to 
the vertical angle between the line of sight and axis of spirit-IeveL Now, by similar 
triangles, we have ^,„ . ^^ -, b^^ : M .-. B«^ = E12L^, 

ba ' 
which is the error in the distance bd, and is to be applied to the reading B''. Set the 
rod to read (B"— B«^). Then : 

For AdJostneBt of a 1himp7 LotoI. 

Having first adjusted the spirit-level so that it remains true in all positions about 
the vertical axis, point the telescope on the rod, properly held at 6, with target set to 
read (B'' — B»*). By means of the capstan-headea screws, raise or lower the horizontal 
line until it bisects the target. To test the adjustment, set the rod over a, with index 
reading (B''— B"') — (B'— A'), and see if the target is still bisected. 

Idjvstnieiit of Ittaehed LotoI of TrMsit TeleMope. 

The rod being held plumb at 6, with target set to read (B"— B*^), move the tele- 
scope by vertical tangent-acrew until the line of sight bisects the target ; clamp securely. 
Then bring the bubble to the middle of the tube by means of the leoet-adljusting nuts 
alone. Test as in the other case. 

Remarks. — The diagram shows a special case, viz., when (B''— A'') > (B' — A% 
or the angle subtended by B^* is one of elevation. If (B'' — A") = (B'— A') the line of 
sight is alteady level and no adjustment is needed. If (B" — A'') < (B' - A'), B»^ sub- 
tends an angle of depression, and is to be added to B". In the latter case, if the slope 
of the ground is slight, the difference (B'' — A") may be either zero or a very small 
quantity, positive or negative ; but in all cases it is added algebraically to (B'— A') to 
obtain B< 

As in all other methods of adjustment, we assume that the maker has done his part 
so well that the line of coUimation will not be disturbed in any movement of the ob- 
jective for focusing. Let us suppose that the line of coUimation is made truly hori- 
zontal, and that in its prolongation we have set the centres of two targets, one over a 
and one over 6, the instrument being at d. If now we focus upon the farther target, the 
image will be bisected by the horizontal spider-line. Then change the focus so as to 
view the nearer target. If the centre of the objective has not moved truly in the line of 
coUimation, the new image will not be bisected at the focus, and the nearer target will 
appear to be out of level, when in fact it is not. Hence, since this adjustment requires 
change of focus, it cannot be made if the above defect, in the movement of the objective, 
exists. If, however, the distance ad be not too small and the defect alluded to be only 
slight, the error in changing focus for b and a may be hardly appreciable. The adjust- 
ment once made approximately, we n^ed not remark that, in the field work, any farther 
error of objective is avoided when taking equidistant sights. 
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The Surveyor's Solar Attachment. 

Written for this catalogue by'H. C. Pearsons, C. E., Ferrysburg; Mich. 

The *' Solar Attachment," of which the following is a description, is a modification 
of Pfa^ son's Solar Transit. 

With the view of reducing the weigh*^^ and cost of this attachment, the declination 
arc is dispensed with, using, in its stead, the latitude arc for setting off the dec- 
lination. 

And to attain a greater degree of precision, a small telescope with cross-hairs, and 
a diagonal eye-piece have been introduced in place of the lens-bar and focal-plate. 

This attachment is an appliance to the surveyor's transit for the purpose of 
finding the astronomical meridian. Combined with that instrument, it becomes 
purely astronomical in its character — indeed, a portable Equatorial, and an Alt.- 
Azimuth instrument combined, — hence a few astronomical definitions seem to 
oe requisite. 
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In the accompanying cut, the instrument is represented in position for an ob- 
servation; and in north latitude (as in these instructions we will suppose the observer 
to be) the view is as from the west. 

(1.) The line through the vertical axis of the transit represents the pole of 
horizon, and is called the Vertical. 

The line perpendicular to this represents the Horizon. 

(2.) The transit telescope, having its optical axis in the meridian, and having 
its south end (whether object-end or eye-end) elevated so that the vertical-arc reads 
the co-latitude, will have its optical axis in the plane of the equator also; viz. the 
optical axis of the telescope will then represent the intersection of the plane of the 
meridian, with that of the equator. This line is called the Equaior. 

(3.) The line perpendicular to the equator, — that around which the solar 
telescope revolves, in following the sun in his diurnal course, is the pole of the 
equator. — It is parallel with the earth's axis, and is called the Polar Axis, 

(4.) The arc distance from the equator to the vertical is the Latihide of the ob- 
server, — whence the distance from the vertical to the polar axis, is the Cb-LoHtude, 

It will be observed that these arcs occur alternately around the entire circle; so 
that the student should make himself familiar with their relative position with regard 
to the horizon, and the vertical, in order to avoid mistakes, when setting the polar 
axis of the instrument up to the pole of the equator. 
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(5.) Astronomical TnnmOe, The height of the sun is measured in a plane passing 
through the ** Vertical '* and the sun, and is called his Altitude, whence his distance 
from the •• Vertical " is his Co-AUUiude, 

In the same manner, the distance from the sun to the **Pole," is his co-deo- 
lination; and the distance from the "Vertical" to the pole, is the observer's Oo- 
Laiitude. These three compliments form what is called the Astronomical Triangle. 

Thus we have the three sides of a spherical triangle, from which to find the 
several angles. 

(6.) The angle at the Pole, contained between the meridian of the observer and 
that passing through tho sun, is called the Hour Angle, as it gives the distance from 
the sun to tiie observer's meridian, in time or arc, and is usually represented by the 
letter H. 

(7. J The angle at the "Vertical," or at the observer's zenith, contained between 
the meridian and a vertical plane passing]: through the sun, is called the Azimuth 
Angle, and is usually represented bv the letter Z. 

This angle is the one particularly important to surveyors, as from it the place of 
the meridian is readily determined. 

Navigator's look for this angle every day, when an observation can be had, and 
solve the triangle for Z, by one or both of the following equations. 

nnniy-^ ^^^ cos(S— p) \| 

^*^ = V cosL cosh ; (*•> 

■ ^ cos L cos h / ^^'^ 

in which 

L = Latitude. Z = the required Azimuth 

d = Decliuation. p = Polar Distance = 90®— d. 

h = Height of the sun's center, corrected for refraction and parallax. 

S=i(L + h-fp). 

NoTB. — The correction for parallax, which b usually about 6", and never exceeds o^\ may be neglected 
•soept in work of great precision. 

To solve these equations numerically requires much computation, but the Solar 
Transit solves them for Z, mechanically, with no more computation than that required 
to deduce the declination for the longitude and local time of the observer, from that 
given iu the Nautical Almanac for the day. 

From the above definitions, it is readily seen that the following conditions, or 
relation between the parts of the instrument, must be established. 

(A.) The polar axis must be Vertical, when the vertical arc (latitude arc) reads 
zero, and, consequently, perpendicular to the cross axis of the transit telescope. 

(B,) The horizontal cn>ss-wire of the solar telescope must be parallel with the 
plane of its rotation around the polar axis; i. e. it must be parallel with the plane 
of the equator. 

(C.) The plane passing through the vertical wire and the optical axis of the 
solar telescope must be at right angles to the cross axis of the solar telescope. 

(D.) The bubble of the level-tube on the solar telescope must be in the middle 
of its tube, when the optical axis of that telescope is in the plane of the horizon. 

These conditions are obtained by the following 

Adjustments. 

Having attached th.'^ ** Solar '^ to the cross axis of the telescope, as directed under 
the head of ^^ Remarks,^ ^ and havii^ leveled up the transit (supposed to be in perfect 
adjustment) carefully, set the vertical or latitude arc to zero, observing that, upon 
rotating the whole instrument 180° in azimuth, the bubble of the level of the transit 
telescope is in the middle of the tube. Bring the level bubble of the solar telescope to 
the middle of the tube by means of the clamp and opposing tangent screws of the 
solar telescope ; then revolve the solar telescope on its polar axis 180° to see if its 
bubble remains in the center of its tube : if not, remove half its error by means of the 
opposing tangent screws, the other half by the milled capstan-headed screws below 
the base-plate, until it remains in the center of the tube. Repeat if necessary. 

Turn the solar telescope 90° on its polar axis, and by the milled capstan-headed 
screw level the base-plate and bring the bubble to the center of the tube. Repeat 
the opei*ation until the bubble of the solar telescope remains in the center of the tube 
upon revolving the solar telescope around its polar axis. (This condition must be 
attained before the polar axis can be set to the co-latitude of the observer ; and being 
Attained it needs no further attention than being examined at times for verification). 
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The adjustment of the polar axis to be tnily at right angles to the line of sight of 
the main telescope is made by two milled capstan-headed screws and two opposing 
springs at right angles to each other below the base or leveling plate of the solar 
attachment. As will be seen in making this adjustment it is not necessary to place 
tJie solar telescope parallel or at right angles to the main telescope, but simply in the 
same vertical plane of each set of leveling screws and springs at the time. This 
adjustment is made by the manufacturer and thereafter needs only to be examined 
at times. 

If the adjustments are properly made the bubble of the level of the transit telescope 
and those of the plate levels on the transit wUl all be in the center of their tubes, and the 
vertical arc wUl read zero. 

Bisect some convenient object, and turn the solar telescope sufficiently to the right 
or left, around the polar axis, to make the image of the object traverse the field from 
one side of the tube to the other. The image should remain bisected by the wire, 
If not, loosen the four capstan-headed screws of the diaphragm till the above condition 
is attained, and fasten the screws securely. 

The solar telescope showing usually objects inverted, requires the cross-wire dia- 
phragm to be moved as described on page 58 of Manual. 

Bisect any very distant object in the horizontal plane by the main telescope, and 
clamp. Then, by means of the clamp and opposing tangent screws on the solar teles- 
cope, bring its horizontal cross-wire to bisect the same object ; then, by means of the 
capstan-h^tded screw of the solar telescope level bring the bubble to the middle of 
its tube. This being done, the optical axes of the two telescopes will lie in parallel 
planes for distant objects and the instrument is ready for use. 

All these adjustments are made by the manufacturer, and need to be verified only 
occasionally. 

Before the solar attachment is available for finding meridian, the observer must 
know his LatUude, and the sun's Declination for the day and hour of observation, 
corrected for refraction, whence the 

Redaction of Declination and Refraction. 

The sun's DedinaMon is given for noon of every day in the year, in the Washing- 
ton and Greenwich Ephemeris of the sun, for those meridians. The maps and charts 
In use will give the difference of Longitude to all the precision required, and tables in 
this manual give the required Rtfradion, 

An example will best illustrate : 

Required a declination table for the different hours of the day for Apdl 25, 1885. 
Lat. 44*^ N., and Longitude 97*^ W. At 15** to the hour, 97** of longitude is about 
6} hours of time, and as this longitude is W., 12 o'clock, or noon, at Greenwich will 
correspond to 5 Jit a. m. at the place of the observer. 

The declination, as given for that day, in the Greenwich Ephemeris, is 13^ 20* 
04" N., and is shown to be gaining at the rate of 49" per hour (see column headed 
Difference for one Hour, with the signs + for sun going North, and — for sub 
going South). 

If now, to the declination for 5 J a.m., we add the hourly rate of change 8ucc««- 
siveiy, we shall have the declination for the several hours of the day, observing that 
the first increment is for only half an hour, thus : — 



Form of Daily Declination Table. 

AFKIL25, 1885. 



Hourly difference Dec. + 49" 
Dec. 6i A. M. N. . . . IS** 20' 04" 



6 

7 

8 

9 
10 
11 
M. 

The above table musi 



13 
13 
13 
13 
13 
13 
13 



20 28 

21 17 

22 06 

22 55 

23 44 

24 33 

25 22 



4- 



1 p. M. 

2 " 
8 " 

4 " 

6 " 

6 ** 

7 " 



N. 



Hourly difference + 49' 




. . Dec 


= 13* 


'26' 


ir 


'-(. 




= 13 


27 


00 


^ 




= 13 


27 


49 


-(. 




= 13 


28 


38 


-- 




= 13 


29 


27 


-|- 




= 13 


80 


16 


-(. 




= 13 


31 


05 


+ 



be corre(^ted for the effects of refraction, before it Is set off 
on the vertical arc of the transit. Befraction increases the apparent altitude of an 

object, and thereby affects the declination of the object— *j"^^^j^ [ the declina- 
tion when of the ^^^f [ name with the latitude. 
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From the + sign of the " difference " of declination, we see that the declination is 
of the same name as the latitude, whence the correction Is an iticrementt and accordingly 
the -h sign as suffixed. This sign belongs to the refraction. 

When the object is in the meridian, refraction affects declination by its full 
amount; but, if both the observer and the object were in the plane of the ec^uator, 
refraction would have no effect on the object with regard to refraction ; whence, be- 
tween these limits, only a part of refraction is effective in changing the declination. 

Just what portion is effective, is shown by table II. of this paper. 

Thus, in the given Lat. 44*^, and for, say 4 hours from noon, the percentagie of re- 
fraction to be applied is .74 of that corresponding to the altitude of the object at the 
time of observation. The sign ±_ to be used must be determined, as above, by con- 
sidering whether the sun is going noith or south at the time. 

This part of the reduction of declination cannot, of course, be made till the alti- 
tude is found at the time of observation. 

To Find the Latitude. 

Having prepared the declination for the day, as at>ove, level up the transit oare- 
fully. Level the main telescope, observing that the vertical arc reads zero, and set 
the polar axis to a vertical position by means of the solar telescope level. 

These points being attained, set the main telescope, pointing south. Then for a 

south [<i©clination, ^1^^^^ [the south end of the telescope, till the vertical arc in- 
dicates the declination thus found. 

Then, having turned the solar telescope into a vertical plane parallel with that 
containing the optical axis of the main telescope, level it carefully and clamp it 

A few minutes before the time of the sun's culmination, bring the telescope into 
the vertical plane passing through the observer and the sun. and **hnd the 8un" with 
the solar telescope. This is readily done by varying the altitude when the sun's 
image will appear on the diagonal eye-piece. 

Having "found the sun," bisect his image with the vertical wire, by varying the 
azimuth with the tangent screw of the transit plate, or with that of the outer center; 
and, simultaneously, follow him in altitude — the horizontal wire bisecting the ima^e 
— till it ceases to rise, then clamp and read the vertical arc. This reading ahofM 
be the sum of the co-lcOUude and refraction, the refraction being that due to the meridian 
altitude of the sun, which is the algebraic sum of declination and co-latitude. Prom 
this reading the latitude is readily deduced. With the latitude and declination 
known, we are prepared 

To Find the Meridian. 

(a.) As for finding latitude, level up the instrument carefully, the vernier of plate 
nlamped, reading zero. 

(b.) Point the telescope to the sun to find his altitude for the refraction. This 
can be found with sufficient accuracy by turning the telescope, till the shadow cf a 
pencil held across the end, or till the shadow of the screws on the side, are pai-allel 
with the tube. 

(c.) The refraction corresponding to this altitude must be multiplied by the cor- 
responding coefQcient, for the time from noon and the latitude, and applied to the 
declinaJbkmt as per instructions above, for the corrected dectmalUm. 

(d.) Point the telescope to the south, elevating ] ^*^® ^^^^^ ®"^ ^^^ south [ ^®^^" 
nation, till the vertical arc reads the corrected declination, and clamp the vertical 
arc. 

(e.) The main telescope being dipped to the corrected declination, level the solar 
telescope by means of its level, being careful to do so when it is in a vertical plane 
parallel with that containing the optical axis of the main telescope, for only when it 
is in this plane can the declination be properly set off. 

(f.) Elevate the south end of the main telescope to the co-Iofifude, by means of 
the vertical arc, and turn the telescope approximately into the meridian, by means 
of the magnetic needle. 

(g.) *' Find the sun " with the solar telescope. This is done by turning the whole in- 
strument in azimuth, on its outer center, simultaneously with a motion of the solar teles- 
cope in right ascension, till the sun's image is seen in the eye-end of solar telescope. 
Bisect the image, as nearly as may be, by the two motions above named — clamp 
and complete the bisection, by both wires, or by the wires forming a square, by means 
of the transit's lower tangent screw, and by that of the solar telescope. If the image 
of the sun should be so large that it cannot all be seen from one position of the eye« 
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look around it by moying the eye around it in such a manner as to see the entire cir- 
cmnference, and bring the cross-wires on the four sides of the image normal to their 
respective sides, by means d the motion in azimuth and the motion of the solar 
telescope, as above described. This being attained, the optical axis of the main teles- 
cope shoiUd he in the astronomical meridian. Refer to an azimuth mark, and repeat 
the operation. The above is called a direct observation. 

(h.) To make a reverse observation. Having made the direct observation, turn the 
whole instrument 180® in azimuth, and set the co-latitude off on the opposite side 
of the vertical arc. Also turn the solar telescope 180 % and proceed as before. The 
object of repetition is to eliminate personal non-precision and possible errors in 
manipulation, while the object of reversing is to eliminate any possible remaining 
errors of adjustment of the instrument. The prudent surveyor will not trust his work 
without such verification, and he will take the mean of both observations. 

Remarks. 

(1.) To unscrew the solar attachment from the packing-piece in the box, first 
release the clamp and tangent screw, and then turn carefully the milled-edged disk or 
base plate a few turns to the left. To screw the solar attachment to the instrument, 
turn this milled-edged disk from left to right around the screw on top of the main 
telescope without revolving the solar attachment. To insure a perfect contact of 
screw-shoulder against the fiange, on which depends the permanency of the adjust- 
ment of the polar axis to the main telescope, it is necessary that these parts be free 
from dust, grit, or dirt of any kind. 

(2.) The auxiliary or latitude level, if one is ordered, attaches in the same manner 
to me end of the cross axis on the side of the vertical circle. 

(3.) The latitude level is used to facilitate during repeated observations the reset- 
ting of the polar axis to the co-latitude, assuming that the polar axis has been pre- 
viously set to be at right angles to the main telescope by its milled capstan-headed 
screws and the solar level, the polar axis being placed in its position for an observation 
with more facility and precision with this level than by reading the vertical arc. 

(6.) The latitude having been found for the initial point of a survey, it may be 
found for other points within moderate limits by allowing 92 chains of northing or 
southing for 1' of latitude. 

(7.) The object of bringing the main telescope into the meridian by means of 
motion on the outer spindle is to have the zero line of the horizontal plate in the 
meridian, so that the azimuth or bearing of lines can be referred to that line. 

(8.) If for any cause one is obliged to work with an uncertain latitude, it is better 
to do so with the sun as far from the meridian as practicable, for the following 
reasons: 

It is only when the son is in the pole of the meridian that it has its maximum 
efficiency in pointing out the direction of the meridian. 

Hence a large hour-angle, and a small declination, are conducive to the elimination 
of errors resulting from an incorrect latitude. 

Indeed, with tiie sun precisely in the pole of the meridian, the meridian is deter- 
mined independentiy of latitude. 

(9.) In making the several adjustments, or rather in verifying them, the student 
should have a true meridian established by some other means than by the ** solar 
transit,** as from the North Star, by some of the methods given in works on surveying. 
He i^ould compare the results of his observations with this meridian at different 
times in the day, and imder different states of the atmosphere, till he has learned any 
peculiarity of the instrument and the utmost precision obtainable with it, as well as the 
ordinary Umit of non-precision, 

NoTB. — The gresit utility of this auxiliary, or level attachment, is seen in the setting: of grades. Two of 
diese levels being applied to the telescope of a pivot-levelling instrument — one on each side — or one on each 
«nd of the cross-axis of a transit telescope, and one of them beinj^ adjusted to the «r>, the other to the tUwn 
grade^ the engineer may work in either direction on his grade with the same fodlity tiiat he would on a level 
une. ' 
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Degree of Precision Required. 

(10.) This, of course, depends on the character of the work to be done. In the 
n. S. Public Land Surveys, — ^which are, without question, conducted on the best plaQ 
tlie world can afford, — only compass lines are required. As a consequence, a wide 
margin for non-precision is n^ven. 

In sub-dividing a block of townships, the surveyor in coursing a random of ft 
miles, is required to make his objective ^oint within 8 chains. Charging the half 
of this error to lineal measurement, we mid the error of c^oursing mustoe toithin !(/ 
of th€ true course, 

(11. J In Manitoba^ the authorities, having fkllen in love uith our system df Pub- 
lic Land Surveys, have adopted it ; but they require greater precision. They re- 
quire clear transit lines, projected with the best six-inch silver lined instruments, 
graduated to 10^. 

In coursing a 6 mile random in the sub-division of a township, the surveyor 
must make his objective point within one chain^ in order to save reviewing his work, 
charging, as before, one naif of this error to the lineal measurements, we find the 
nuudmum error allowed in coursing to be between 3" and 4\ 

(12) With the *' New Solar,** as manufactured by Messrs. G. L. Berger & Sons, 
the surveyor will be surprised and delighted to see the fiusHity and certaiinty with 
which he can bring hia work far within the above UmiL 

Xnclination of the Meridian. 

(13.) In projecting arcs of a great circle with the ^* solar transit,'* it is of the 
utmost importance that the surveyor be able to tell the inclination of the meridians for 
any latitude, and for any distance of eastings or westings. 

As this problem is not treated in elementary woiks on 
surveying, perhaps the few following hints may be of use 
to the young student. 

In the foUowing figure, let the two arcs A G, and B G 
be two arcs of a quadrant of the meridian, P of longitude 
apart. Let A B = the arc of one degree of longitude on 
the equator = 69.16 miles. 

Let D E be an arc of lon^tude on any parallel of 
latitude. Also, let E H and D H be the tangents of those 
meridians meeting in the earth's axis produced, and cor- 
responding to the parallel of latitude D E. 

Then the line E F=D F=cos L=cos AD or B E. 
Also, the angle D F E=P,and the angle D H E=the 
inclination of the meridians, which is the angle we wish ^ 
to find, and which we will represent by X**. And, because 
the two triangles F D E and D H E are on the same base 
£ D, and isosceles, their vertical angles vary inversely as 
their sides ; and we have the equation, 

1**XEF=X**XEH, But 

E F=co8 L, and E H=cot L, hence 

X® cot L= 1® cos L, or 

X® = cosL-J-cotL«sinL, (a> 

That is to say. 
The inclination of the meridians for any difference of longitude, varies as the sine 
of the latitude. 

(14.) Since the sine of the latitude is the inclination in decimals of a degree, for 
one degree of longitude, if we multiply by 3600^ we shall have the inclination in 
seconds of arc. Then, if we divide this by the number of miles in one degree of 
longitude on that latitude, we shall have the inclination due to one mile on that 
parallel. Thus, for 




Latitude 43** . 
Multiply by 3600" 



log. sine: 



Divide by 50^66, = 1® long, on that L, log. = 
48".46 = inclination for one mile of long. 



9.833783 
3.556303 

3.390086 

1.704682 

1.685404 
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(15.) The use of the IndinatioUy as found bv the preceding article, is to show 
the surveyor how much he must deflect a line of survey from ^e due east or west, 
to have it meet the parallel at a given distance from the initial point of the survey, — 
for it will be remembered that a parallel of latitude is laid out as a curve lying in a 
horizontal plane and having the cotangent of the latitude for its radius. And the 
line due east or west is the tangent of the curve. 

Thus, on latitude 43**, I wish to project a six-mile line west, for the southerly 
line of a township. 

Remembering that in an isosceles triangle, the angle at the base is less than a 
right angle by half the angle at the vertex^ I deflect my line towards the pole by the 
inclination due to three mUeSy — or in this case 48" .46 X 3 = 2' .25", i. e.. Deflection 
= J^ Inclination. 

(16.) Table No. Illy which was computed from the formula (a) Art. 37, gives the 
Indinalion for one mile, and for six miles on any parallel, from 10** to 60** of latitude; 
also the Covwergency for six miles, on any latitude. 

(17.) The (jonvergency of the meridian is readily found for any riven distance 
lh>iii thd corresponding inclination, by multiplying the Sine of the inclination by 
thejgiven distance. 

Thus, for latitude 43°, the inclination for one mile is 48^^.46 ; the sine of which is 
.000235. This, multiplied by the number of Units in a mile, which = 8000, we have 
the convergency for one mile,= 1.88 links. 

Multiplyins; this by the number of miles in a township,=36, and we have the 
convergency for a township = 67.08 links. In this manner were the convergencies 
of table III computed. 

(18.) Deflection of Jtange-Lines from meridian* The second column of table III 
shows the surveyor how much he must deflect the range lines between the several 
sections of a township fi*om the meridian, in order to make the consecutive ranges 
of sections in a township of uniform width, for the purpose of throwing the effects 
of "convergency" into the most westerly rangeof quarter sections agreeably to law. 

Thus, say between 45** and 55*^ of latitude, the hiclination is practically V for 
every mile of easting or westing. Then, beaiins In mind that in the U.S., <^<^ sur- 
veys are regarded as projected from the East and South to the West and North ; the 
surveyor must project ih% first range-line between the sections of a township in those 
latitudes, V to the left of the meridian. 

The second, 2' ; the tliird, S' ; and so on to the fifth, which must be 5' to the left 
of the meridian on the east side of the township. 

By this means all the convergency of the township is thrown into the sioah^ or 
westerly range of sections, as the law directs. 

The fourth column of the above table shows the amount of this convergency. 
Phis column is also useful in sub-dividing a block of territory embraced by two 
"standard parallels" and two "guide meridians" into townships. Thus, starting a 
mendian fi:om a standard parallel on latitude 43® N, for the western boundary o( 
a range of township, — say the first one west from the guide meridian, — ^and running 
North, say 4 townships, the surveyor must make apohit that is East of the six-mile 
point on the northern "standard parallel" 4 x 67.7 links = 270.8 links. The second 
meridian should fall 8 X 67.7 links to the right of the twelve-mile point, etc. 

(19.) The Variation of the Needle. This is easily determined by noting the 
reading of the needle when the solar transit telescope has been brought into th< 
meridiaa. 



Observation for Meridian with tlie Berger Solar 

Attaclunent. 

Written for this catalogue by Geo. L. Hosmeb, Massachusetts Institute of Technology. 

CALCULATION. 

Before beginning the observations the following computations must be made. 
1. Take from the Nautical Almanac (table II, for the month) the sun's *< apparent 
declination," for Greenwich Mean Noon of the date of the observation. If it is 
north prefix a -}- sign, if south, a — sign. 2. On the same line, in the pext 
column to the right is the "difference for one hour," with the proper algeb'-aio 
sign before it. 3. The local time corresponding to Greenwich Mean Noon maj be 
found by subtracting the west longtltude of the place from 12h, e. g. at the 76th 
meridian, this would give 7h A.M.; at the 90th, 6h A. M., etc. 4. Next compete 
the declination for each hour by adding algebraically the "difference for 1 li" 
to the declination for the preceding hour. 6. Next correct each of these declina- 
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tions for refraction, using the tables given in this catalogue, or such as are given 
in Prof. J. B. Johnson's work on surveying. Careful attention should be paid to 
signs. 

We v^ill assume for the present that the latitude is known, and proceed to the 
description of the 

FIELD OPERATIONS. 

1. Lay off on the vertical arc the declination setting for the time of observation, 
tipping the telescope in such a direction that the small telescope will point above 
or below the equator according as the declination is N. or S. 2. Lev<'l the small 
telescope by means of its attached level, and then clamp it. 3. Next change the 
setting of the vertical circle so that it reads the co-latitude of the place. 5. Using 
both tho horizontal and the equatorial motions, point the small telescope at the 
sun, making the four segments cut off by the cross hairs equal. The main tele- 
scope is now in the meridian. To be certain that the settings are correct wait a 
few moments and see if the diFC follows the equatorial wires perfectly. Both 
plates should be clamped while the image is in the center of the field. The line 
may then be brought down to the ground and marked. 

EXAMPLE OF COMPUTATION. 

Long. 5h. West., Lat. + 40°. Jan. 10, 1900. 
Decl. for Gr. Mean Noon = — 21« 59' 04'. 
Diff. for Ih. = + 22«'.25. 

Declination. Refraction SBrmrQ. 
21° 59' 04' 

58 42 5' 40" 21<> 53' 02" 

58 20 2' 51' 21 55 29 . 

57 57 2' 07" 21 56 50 

67 36 1' 61" 21 55 44 

57 13 (1' 47") (21 55 26) 

56 51 1' 51" 21 55 00 

56 28 2' 07" 21 54 21 

56 06 2' 51" 21 53 15 

55 44 5' 40" 21 50 04 

The co-latitude may be found by measuring the altitude of the sun's lower 
limb at noon, i.e. by measuring the maximum altitude. This angle must be cor- 
rected for refraction, semi-diameter and declination. The result is the co latitude. 
The co-latitude may also be found, very nearly, as follows : — Make the angle be- 
tween the 1 elescopes equal to the declination setting at noon in the same way as for 
any other hour. Bring the telescopes into the same vertical plane, and point the 
small telescope at the sun. By varying the elevation angle of the main telescope 
keep the small telescope pointinp? at the sun until a maximum elevation is reached. 
This angle is the co-latitude, already corrected for refraction, semi-diameter and 
declination. This method is not quite as accurate as the former. 

A TEST. 
The following observations were made by the writer with the Berger Solar 
Attachment. The plates were clamped at zero degrees and the meridian found by 
solar observation. An angle was then turned to a mark )( mile away. The re- 
sults are as follows : — 



Time. 


7h. 


A.M. 


8 


(( 


9 


(< 


lU 

11 


n 


12 


M. 


1 


P.M. 


2 


« 


3 


(( 


4 


(( 



Time. 
A M. 
8:30 


Az. Angle 
240° 07' 


8:40 
8:50 
9:00 


Ob}4 
06 


P.M. 
3:23 


240^05' 


3:30 


03 



Clouds prevented further observations. 

The true azimuth as found afterward by an observation on Polaris was 240** 05' 
80'. 



Digitized by 



Google 



73 



Table I. 



Refraction of Celestial Objects for Temperature 5OO9 
and Pressure 29*6 inches. 



Alt 


Refr, 
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Refr. 
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4 23 
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40 
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4 16 
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47 
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20 
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50 


8 41 
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4 9 


40 


2 10 


48 


51 


30 


28 23 
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8 28 


13 
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24 


2 8 


49 


49 
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27 


10 
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20 
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50 


48 
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25 42 
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40 
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30 
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3 45 
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Coirrectioii to the Mean Befraction given in the 
preceding Table. 



i& 


Height of the Thermometer. 1 
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Example I. 

ffhat is the correction for refraction for an altitude of 8® 6', the thermometei' 
■tanding at 50-0** and the bai-ometer at 29-6^ inches? 

Answer (by inspection) e' 26^^ : 

and therefore,* 

Apparent altitude . . . . — 8^ 5' 

Refraction = — 6 25^^ 

True altitude 7 58 35 

Example II. 

What is the correction for refraction for the same altitude, the thermometei 
sUnding at 44^ and the barometer at 29*45 inches? 

Thermometer correction for altitude 8® 5' = +06 
Barometer ditto = — 2 

Correction for both is = +04 

Mean Refraction = — 6 25 

/.True refraction = — 6 21 

o / /r 

Apparent Altitude = 8 5 

True refraction * * • • . . = — 6 21 

aVue altitude 7 68 W 
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Table H. 



Coefficients showingr the per cent, of Refraction to lie applied 
to the Sun*8 Declination. 





Hours from the Meridian. 




Hours from the Meridian. 


Lat. 


1 H. 


2 H. 


3 H. 


4 H. 


6 H. 


8 H. 


Lat 


1 H. 


2 H. 


SH. 


4H. 


6H. 


«H. 


o 


56 


33 


24 


20 


18 


17 




36 


94 


82 


71 


64 


60 


59 


12 


63 


39 


28 


24 


22 


21 


38 


95 


85 


74 


67 


63 


62 


H 


69 


45 


33 


27 


25 


24 


40 


95 


87 


77 


70 


65 


64 


i6 


74 


50 


38 


31 


29 


28 


43 


96 


88 


79 


72 


6& 


67 


i8 


78 


55 


42 


35 


32 


31 


44 


S6 


89 


81 


74 


71 


69 


20 


81 


60 


46 


39 


35 


34 


46 


91 


90 


83 


77 


74 


72 


22 


84 


64 


5° 


42 


38 


37 


48 


98 


91 


85 


79 


•je 


74 


24 


87 


68 


54 


46 


42 


41 


50 


98 


92 


S6 


Si 


78 


76 


26 


89 


70 


57 


49 


45 


44 


52 


98 


93 


88 


83 


81 


79 


28 


90 


72 


60 


51 


48 


47 


54 


99 


94 


90 


85 


83 


81 


30 


91 


74 


63 


54 


51 


50 


56 


99 


95 


91 


87 


85 


83 


32 


92 


77 


66 


57 


54 


53 


58 


99 


96 


92 


88 


86 


85 


34 


93 


80 


69 


61 


57 


56 


60 


99 


91 


93 


90 


SS 


1 



For the construction of the above table, see p. 67. 
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Table III. 
Inclination and Convergrency of the Meridiancu 



1ml 


ln<£na. 
tionfor 
onomile. 


IncHna. 
tionfor 
dx miles 




UU 


Indina. 
tionfor 
onamile. 


IncBn.. 
tion for 
nzmilea 




Ut. 


Inclination 
for one mile. 


Indina. 
tion for 
OTmilw 




o 


» 


/ If 


LniKs. 


e 


V 


' » 


Lniics. 





' If 


' » 


Lnnei. 


XO 


9.18 


55 


13.0 


27 


26.53 


239 


36.9 


44 


50.19 


501 


70.1 


II 


10.13 


I 01 


14.2 


28 


27.66 


246 


38.6 


45 


52.00 


512 


73.6 


12 


11.07 


106 


15-5 


29 


28.85 


253 


40.2 


46 


53-83 


523 


75-2 


13 


12.02 


I 12 


16.8 


30 


30-03 


300 


41.9 


47 


55.67 


534 


77.8 


H 


12.98 


I 18 


18.1 


3t 


31.26 


307 


43-6 


48 


57.67 


546 


80.6 


15 


13.96 


124 


19.4 


32 


3249 


315 


4S-4 


49 


59.83 


5 59 


83.5 


i6 


H-93 


I 30 


20.7 


33 


33-83 


323 


47.2 


50 


1 02.00 


612 


86.S 


^7 


15.92 


I 36 


22.0 


34 


35-17 


331 


49.1 


51 


104.17 


6 25 


89.7 


i8 


16.91 


141 


23-4 


35 


36-50 


3 39 


50-9 


52 


106.67 


640 


93.0 


19 


17-93 


147 


24.9 


36 


37-83 


346 


52.7 


53 


1 09.17 


655 


96.4 


20 


18.94 


154 


26.5 


37 


39-17 


3 55 


54.7 


54 


1 16.67 


7 10 


100.0 


2T 


19.98 


200 


27.8 


38 


40.67 


404 


56.8 


55 


1 14-33 


7 26 


103.7 


22 


2 1 .02 


2 06 


29-3 


39 


42.17 


413 


58.8 


S6 


1 17.17 


743 


107.6 


23 


22.10 


2 13 


30.8 


40 


43-67 


422 


60.9 


57 


I 20.00 


800 


1 1 1.8 


24 


23-17 


219 


32-3 


41 


45-17 


431 


63.1 


58 


1 22.00 


8 19 


116.2 


25 


24.30 


2 26 


33-8 


42 


46-85 


441 


654 


59 


1 26.66 


840 


120.9 


26 


25-38 


232 


35-4 


43 


48.52 


451 


67.7 


60 


1 30.00 


900 


125.7 



For the construction and use of the above table, see articles (13.) (14,) (I60 
(17.) (18,) page 70. 

For details of instruction in IT. S. Goyemment Surveying, see Hawes' System 
of ^^Bectangular Surveying," and Burt's •'*Key to Solar Compass." 
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To Find the Meridian from << Polaris.'' 

The north star, Polaris, being out of the pole of the equator, is in the meridian but 
twice in a stellar day — once above and once below the pole — called the upper and 
lower transits, or culminations. 

It is also at its extreme distance, east and west, twice in a stellar day, called 
greatest eUmgaJtkmB^ east or west. 

At the time of a culmination, it would be only necessary to get the bearing of the 
star to have the place of the true meridian. But this would require an exact knowl- 
edge of the time, an element not usually possessed by surveyors. Moreover, the 
observation must be made with certainty, at the instant, which is not always piacti- 
oable. On this account, this method is not in favor with surveyors. 

At elongation, the apparent motion of the star is tangent to the vertical, and 
therefore, for a few minutes, with regard to azimuth, it appears to stand still, thereby 
affording ample time for deliberate observation. 

The distance of this star from the pole— called its polar distance, was 1' 18^ 16^ 
on January 1, 1885, and is diminishing at the rate of about 19.06^' per year, whence 
its distance in following years may be known.* 

The azimuth of the star, corresponding to any polar distance, is variable with the 
latitude. Thus, an observer at the equator would see this star — say at eastern 
elongation — in the horizon, and at the distance of 1^ 18^ 16'^ to the right of the pole, 
or true meridian. 

If now the observer should go north, the azimuth of the star would increase with 
its altitude, till he should arrive at a latitude equal to the complement of the polar 
distance, when it would be N. W £. Between these limits, the bearing of the star, 
at elongation from the pole, would vary according to the following equation, in which 
Z s= the azimuth, or bearing : 

J, . - _ sin Polar Distance 
■" cosine Latitude 

As the telescope of the surveyor's transit \b not usually of sufficient power to show 
the star in the daytime, the observation must be made at night, in which case the 
cross-wires of the telescope must be illuminated by light reflected into the tube. A 
piece of stiff white paper, with an opening large enough to admit of seehig the star 
through it, and held obliquely in front of the telescope, will make a good reflector. 

As generally but one of the elongations can be seen, on the same night, it is im- 
portant to know, which one is observed. Also the latitude must be known, at least 
approximately. 

The pole Is nearly in line between Polaris and the star Mizar^ which is at the bend 
in the handle of the Dipper^ so that when these two stars are nearly in a horizontal line 

and the dipper is ?^ > of the pole, Polaris is at his greatest elongation ^^ (• . 

In sighting to the star, the observer must be careful to keep his transit level 
transversely, for t^e star is so high that inattention to this might introduce a serious 
error into the resulting azimuth. 

A satisfactory sight having been obtained, the telescope should be brought down 
to fix a mark on the ground, at a distance of 300 to 400 yards from the transit. 

This mark should be something clear and definite, like a nail set in a hub, driven 
into the ground, which may be located by means of a plummet lamp, or by means 
of a common lamp in a box, having a vertical slit in one side of say J^ or f an inch in 
thickness, with a plumb-line suspended A*oni the slit, and manipulated by an 
assistant. 

The direction of the star being satisfactorily marked, compute the azimuth fh>m 

the above equation, and set the resulting angle off to the JiS. \ of the mark for 

It may happen, that the resulting azimuth may have an odd number of seconds, 
or ft-action of a minute, not convenient to be set off with a vernier graduated to 

• Small corrections to the distances thus calculated are needed, but do not amount to mora than 30" m 
til; see a Nautical Almanac. 
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single minutes. In this case, find the distance carefally between the transit and the 
mark, and multiply this distance by the tangent of the azimuth. The result set off 

^ ^® teft^* [ *^' ea^m^ I elongation, will point out the place of the true meridian. 



Meridian from Equal Altitudes of the Sun. 

If the direction of a star were observed with a transit when it had a certain altitude 
on the easterly side of the meridian and the direction again observed when it had an 
equal altitude on the westerly side, then the bisector of the angle would ^ve the direc- 
tion of the meridian. 

If these observations are made on the sun an allowance must be made for the slight 
change in the sun^s declination between the two observations. From about Decem- 
ber 21 to about June 21 the sun is going north and from June 21 to December 21 it is 
going south. The table given below shows the number of seconds the sun moves in 1 
hour on different days in the year. 

To an observer in north latitude, when the sun is going north, the mean of the two 
vernier readings would lie to the west of south ; if the sun is going south the mean 
would lie east of south. The correction to the mean of the vernier readings is found 

by the formula ^ ; — ; — 7 In this formula D is the total increase or decrease in 

^ 2 cos ^ sm t 

the 8un*s declination between the two observations ; ^ = the latitude ; t = the hour 

angle, or very nearly ^ the elapsed time. 

Making: the Observations. 

1. In the forenoon, set up the transit, with the vernier set at (y*. Point at some ob- 
ject for an azimuth mark, preferably at the left of the sun, using the lower clamp and 
tangent screw. 

2. Loosen the upper clamp and point the telescope toward the sun and find the 
sun^s image in the field. Move the telescope slightly until the vertical and horizontal 
wires are found. The beginner- is cautioned against mistaking a stadia v«dre for the 
middle wire. 

In the forenoon the sun is rising and moving to the right. If the telescope has an 
inverting eye-piece these motions will of course appear to be reversed. If a prism is 
used the vertical motion will be contrary to what it would be without the prism, while 
the horizontal motion will not be affected. 

3. Set the telescope at an altitude a little above the sun. Set the vertical yrire on the 
l^ limb of the sun and follow it in azimuth, using the upper clamp and tangent screw, 
until tibe lower Umb of the sun just touches the horizontal wire. At this instant stop 
following the motion in azimuth, note the time by a watch and then read the vernier. 
It will be well also to read the altitude. 

4. In the afternoon turn the telescope toward the sun, the aUitude being the same cls at 
the first observatioTL When it comes into the field set the vertical yrire tangent to the 
right limb of the sun. Follow it in azimuth until the lower edge of the sun again 
touches the horizontal wire. Note the time and read the vernier. 

Calculations. 

Take from the table the hourly change in declination for that day and multiply by 
the number of hours and fraction of an hour between the observations. The result is 
to be divided by twice the product of the cosine of the latitude by the sine of the hour 
angle. This gives the correction to the mean of the vernier readings. The hour angle 
is half the elapsed time and should be turned into degrees and minutes by multiplying 
by 16. Take the mean of the vernier readings and then subtract the correction if the 
mm is going north, add if it is going south. It is assumed that the circle reads from 0® 
to 860** in a clockwise direction. 
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Rbmabk«. If the instrument is not in a veiy stable condition it will be best to 
re-set on ()<*, point at tlie azimuth mark again, and Uien renset at the proper altitude as 
nearly as possible, before making the second observation. 

The nearer the sun is to the east and west points the better the result. Observsr- 
tions near noon should be avoided. Observations at very low altitudes, say under 1<P 
are unsatisfactory. 

If only approximate results are desired the vertical wire may be made to bisect the 
sun*s disc in both cases. This would avoid the mistake of getting the wrong limb. 



Date, April 10. 

Forenoon observation 
Afternoon ** 



EXAMPLB. 

Latitude 48<» N. 
vernier A. Watch Iteadinfi^ 

. . 1»»26' right of mark 7h. 18m. 



. . . 148* ly 
mean 80»49'S0^ 



DlfE. Ih. = 54" 
64"X9.6h.=618« 
cos<^= .7314 
sin t— .0469 
2 cos ^ sin t= 1.3851 

^^=870.-4 ^6' 10.-4 



4h»48m. 

difiL 9h. SOm. 

<=4h.45m. 
= 71» 15 



mean dO^ 49' 80" 
corr 6' 10 

Angle between | g^ . «; «a/# 

meridian and mark f »^ *» 20' 





Hourly Motion of the Snn in Declination. 




°7 

tfonth. 


j«. 


Fdk 


ICaxch. 


April. 


ibr- 


j». 


J»ir. 


Aug. 


Sept. 


Oct. 


Nor. 


Dm. 




ff 


It 


H 


tr 


// 


09 


t0 


0* 


/If 


tt 


tf 


<» 


I 


+12 


43 


57 


58 


45 


21 


10 


38 


54 


58 


48 


23 


s 


17 


46 


58 


56 


43 


17 


14 


41 


56 


58 


46 


19 


to 


22 


49 


59 


54 


39 


12 


19 


44 


57 


57 


42 


14 


IS 


28 


52 


59 


52 


36 


7 


24 


47 


58 


56 


38 


8 


20 


32 


54 


59 


49 


31 


+ 2| 
-4J 


28 


49 


58 


54 


34 


— 21 
+ 4j 


25 


37 


56 


59 


47 


27 


32 


52 


59 


52 


30 


30 


41 


• • 


58 


46 


23 


9 


Jl 


54 


59 


49 


»5 


10 
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Transit Solar Attachment. 

For miiBiBg XerldUn or otlior Uaet by the Smb. 

Written for tins catalogue with special reference to the wants of Public Land Surveyors, for both common and 

mineral lands, by J. B. Davis, Assistant Professor of Civil Engineering, 

University of Michigan. 

1* Remarks. The attachment herein referred to is the Davis and Bergei 
solar screen, prism, and colored shade giass, used for direct solar observation. 
These inventions have been devised by the Mr. Berger, of the firm of 0. L. Berger 
& Sons, and by the writer. They are simply for the purpose of enabling one 
to make an observation directly upon the sun's centre. This observation being 
secured by readings of the horizontal and vertical circles, is reduced so^s to 
give the direction of the line of sight of the transit at the instant of the observa- 
non. Thus knowing the direction of the line of sight at a given instant it becomes 
simply necessary to turn off the angle wliich this line of sight makes with the 
meridian, to ascertain the position of the meridian. This angle is what is obtained 
by reducing the observation, as above mentioned. A brief reference to the history 
of these devices will best explain them. It occurred to the writer to see if an image 
of the sun could be formed behind the eve-piece of a telescope at the same time 
an image of the cross-wires was, and the latter image be made to quarter the 
former, by allowing the sun to shine into the object end of the telescope and thence 
directly through it. The experiment was made by holding a piece of Avhite paper 
behind the eye-piece« and adjusting the focus of the eye-piece and obiect glass. 
The very first trial was readily successful. The next thing was to see if the posi- 
tion of the instrument could be located by this means as near as the circles would 
read. By the same simple means it was soon found that a motion given to the 
telescope by either tangent screw might be so slight that the eye could not detect 
it upon the circles, but evidence of it would be apparent in the position of the images 
with reference to each other. This fact at once settled the question of whether 
this would be a sufficiently delicate means of observation. It showed that the 
observations would be closer than the circles would read. After some trials and 
some months rest these facts were brought to the notice of others, and finally were 
submitted to Mr. Berger for his opinion. He made a screen iivhich the writer 
exhibited at the first annual convention of the association of Michigan Engineers 
and Surveyors at Lansing. The matter was further studied by Mr. Berger. The 
screen was much improved, and the mechanical construction of it brought to 
the standard of the work done by this firm. Mr. Berger soon conceived the 
idea of making the screen of ground white ^lass in a brass Arame, as shown in 
figs. 1 and 2/so one might observe the position of the images directly upon it, 
and thus secure not only the comfort of an easy position in observing, but the 
consequent accompanying accuracy. The arm of attachment was perfected from 
time to time. The screen of ground glass is mounted upon an arm that admits of 
all acyustments of position, and is so attached to the side of the telescope tube that 
it can be turned up out of the way when not needed. The reflecting prism 
can be screwed on to the eye-piece caf) for observing at high altitudes. This also is 
adjustable so as to look in any desired direction from the telescope tube. The 
diagonal eye-piece also has its movable colored shade glass as above stated. With 
these attachments observations on the sun at all altitudes may be made in two 
ways. By looking directly at it through the simple colored glass for low altitudes, 
or through the prism and its shade glass for hi^h altitudes. The other way is to 
receive on the screen the images of the cross-wires and the sun and make the image 
of the cross-wires just quarter the image of the sun by means of the slow motion 
screws to the circles of the instrument. For this method the colored shade glasses 
are not to be used. With this complete outfit one may work whichever way teems 
bMt. 

• For Figures 1, 9, 3, 4, 5, 6 and 7 see page 176. 
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These devices are being more and more perfected, and will be protected by letters 
patent, and Messrs. G. L. Berger A Sons make and sell them exclusively. 

2* Remarks. Certain precautions are necessary in the use Of this method 
of finding ttie true direction of a line as well as in any other. It is not wise to 
observe the sun, read the circles, note down the readings and leave the instrument 
standing there while making the reductions. It will get out of place in some way, 
very likely. Therefore, as soon as the observation is completed and the readings 
of the circles noted, set the line of sight on some fixed point and read the plate 
again, noting this reading. Of course the two plate readings will give the horizon- 
tal an^le from the sun to the line. This will enable the observer, after finding the 
direction of the line of sight when set on the sun, to readily ascertain its direction 
as set on the fixed point referred to, thus determining the direction of the line fh>m 
the point over which the instrument is set to the &ed point. This line may be 
chosen before beginning the observation, and become the reference line for the 
work in hand. 

3« Remarks. For the purposes of reduction the process by equations is 
used instead of one by rules. The introduction of symbols and signs is a much 
simpler matter than many suppose. It is nothing but this. We agree that a char- 
acter of some sort or other shall represent a certain thins^ and nothing else. 
Whenever this character occurs, therefore, it simply means the thing we have set 
it for. That is all there is of symbolical representation. These very words here 
printed are all. symbols. The method is universal. We here, as elsewhere in 
algebraic processes, make a special application of it. The rules for a case of thig 
kind would be very cumbersome and give the user far more trouble than will be 
necessary for mastering the few equations given below. The record of the pro* 
cesses is hereby reduceol to a few lines, and one has not to go searching through » 
page for a point liere and there, but places his eye at once upon what he wants, 
where all will be found in a compact form. Of course one needs to read each wonl 
and each sign. Nothing must be slurred over or missed. The record as set forUi 
below is exact, complete and reliable. 

4. Remarks. All computations should be thoroughly checked, and check 
equations and devices are given. These should always be applied, without fail, as 
no one can implicitly trust a computation by a single process, unrepeated, even if 
simple. No one sljould who is a surveyor or engineer. Several checks are given. 
One used is sufficient, usually. If one distrusts the check because it shows thts 
work to be wrong, it may be of some satisfaction to use another or more than one. 

5. Remarks. The directions prepared below are intended for use, word by 
word, and step by step. It is hoped that they will prove in convenient form for 
use as a chart to direct the efforts of the observer in his first use of these attach- 
ments and this method. Therefore, it is thought that one may safely do as told, 
trusting the next step to the next statement. They have been prepared with this 
view. 

6. Usingr the Screen. 

a. Directions. Set the instrument so the sun can shine in at the object end 
of the telescope, and directly through it. Run out the eye-piece and adjust the 
screen behind it, by its sliding arm, so that a distinct image of the cross- wires can 
be seen on the screen within the lighted spot made by the shining sun, as shown 
in fig. 2. Set the object fi^lass so as to clearly define the image of the sun on the 
screen. Kepeat these trials, and adjust the parts of the telescope and screen so 
that the clearest image of both the cross-wires and the sun will be obtained that 
the telescope will give. Mark the slide on the arm of the screen and the eye-piece, 
so they can be easily set thereafter for an observation. 

b. Beznarks. The eye-piece, when all is in exact position, will be found to 
be considerably farther out than for an ordinary sight. The marking of the sliding 
arm and eye-piece will save time in the future. These trials, when made with a 
new apparatus, should be conducted at leisure and with extra care, for the purpose 
of fitting the apparatus carefully to the telescope. A few trials may be needed at 
first in order to accustom the observer to recognize the best definition of the images. 

This solar screen is especially adapted to tne ordinary surveyors' and engineers' 
transit telescopes, with erecting eye-pieces. It is not adapted to be used with invert- 
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ing or astronomical telescopes, unless daring an observation the aperture of the 
objective is cut down to i inch diameter, by means of a diaphragm placed in front of 
it, when the image can be seen as sharply defined as those of the erecting telescope; 
or the obseryations must be made with the shade glasses and reflecting prism alone. 

7. Using: the Colored Shade Glass. 

a. Directions. Attach the colored glass shown in fig. 4, to the eye-piece, 
to shield the eye ttom the sun and look directly at it, setting the cross-wires so as 
to quarter it. 

b» Remarks. This will be found entirely satisfactory when the sun^s alti- 
tude is so low as to enable the observer to bring his eye in apposition with the eye- 
piece of the telescope witli ease. 

8. Usingr the J>iagonal £ye-piece. 

a* Directions. Screw on the prism, as shown in fig. 3, to the end of the 
common eye-piece. Look directly throiigli the shade-glass, if observing in that 
way, turning the prism either way so as to make it convenient to look into it. If 
any trouble isexpeilenced in finding the sun with it. let the sun first shine through 
the telescope, the colored shade-glass being turned aside, till the brilliant liglit 
perceived in tlie aperture of this ejre-piece shows the telescope to be riglitly 
directed. Cover the aperture with its shade-glass and proceed. 

b. Remarks. By attaching the reflecting prism to the eye-piece of the tele- 
scope, the light is reflected at right angles to the the line of sight of the telescope, 
and it thus becomes what is termed a diagonal eye-piece. 

This prism can be used for direct observation when the altitude of the sun is 
too great to allow the eye to be applied directly to the eye-piece of the telescope, 
and not so ^reat as to bring the eye-piece too far over the plate, but through this 
range of altitudes the solar screen can be used without the prism, as shown in fig. 2* 
and it will usually be found advantageous to do so. 

Since the prism in effect withdraws the eye about half an inch further from the 
eye-piece of the telescope than its natural position, that being about the distance 
traversed by the light in passing through the prism, the high magnifying power 
used in C. L. Berger & Sons' transit telescopes makes the use of the reflecting 
prism for direct observation a little awkward, and it will usually be found more 
satisfactory when using the prism to use the solar screen with it. 

9. Usingr the Reflectingr Prism and Solar Screen combined. 

a* Directions. Attach the prism, and direct tlic telescope as in 8* Then, 
leaving the aperture of the prism uncovered, adjust the solar screen so as to receive 
the images of the sun and the cross-wires, as shown in fig. 1. 

b* Remarks. For observing the sun at high altitudes it will be found that in 
this, otherwise most difiicult of all positions, the use of the solar screen combined 
with the prism will enable the engineer to make his observation with the greatest 
ease and precision. 

ID. Making: the Observations* 

a. Directions. Direct the telescope to the sun, and by means of the slow 
motion screws, cause the image of the cross-wires to exactly quarter the sun's image. 
Read both circles and record the readings. Befer the position of the instrument to 
some fixed line, and once, after the above work, by anotlier plate reading. Also 
note and record the exact instant of time of the observation by the watch. 

6. Remarks. This observation with the watcTi mav be used as hereafter 
indicated to simplify and lessen the amount of work in making the reductions. A 
fair watch of ordinary accuracy is sufficient. The entire work can be carried on 
without a watch at all, but it takes some more figuring. 

11. Use of the Nautical Almanac. 

a. Remarks. In order to use the observations, made as above directed, it 
is necessary to find the sun's apparent declination for the time of observation. 
This is done as directed below. 

b. Conditions. Let all the algebraic signs be carefully observed throughout 
the work. Use the watch time. 
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c. Direotions. For finding the Sun's apparent declination. Look in the table 
of Wasbiuffton Solar Ephemeris against the date of the observation, and take out 
the following quantities. First, the sun's apparent declination, with its sign, -f 
when N., — when S., fVom its column. Second, the hourly change, with its sig^, 
from its column. Find from a map or otherwise, the difference in longitude 
between the place of observation and Wushin^ton, as near as one-half hour, or 
seven and one-half degrees. This is + when W. and — when E. of Washington. 
Add to this difference of longitude the time of the observation ftom noon, this time 
being -|- when the sun is W. and — when E. of the meridian. Multiply the hourly 
change by this result, in hours^ noting all the signs. Apply this product, regarding 
its sign, to the sun's apparent declination as taken, from the table, for the sun's 
apparent declination at the time of the observation. 

d. Example. Date,1881— 6— U. Hour, 9h— 26m— 24», a.m. Longitude 
about 40 minutes East of Washington, considered in time. 

0's apparent declination, 1881—6 — 14. 
Washington mean noon, 4- 23** 18' 15^^ 
Hourly motion, -f- ^'^ 

Time of observation from noon, — 2 hours 30 minutes, about. 
Longitude East of Washington, — 40 minutes. 

Total time of correction, —3 hours 10 minutes, = 3^ hours. 

Amount of correction = — 3>^ X 7" =— 22^^'' 

O's apparent declination from table, + 23^ 18' 15*^ 

©•s apparent decUnation at time of observation, + 23** 17' 63" nearly. 

12. Beducingr Observations. 

a. Conditions. Let // = the sun's altitude, as observed. 

Let ^ = the latitude of the place of observation. 
Let 6 » the sun's apparent declination at the time of obser- 
vation, found as above directed. 

Let z'=i the sun's observed zenith distance. 
Let z = the sun's true zenith distance, always +. 
Let k and kf be two auxiliary angles used in the reductions. 
Let A s the azimuth of the line of sight of the instrument at the instant of the 
observation, reckoned fVom the N. point of the horizon, either E. or W. as the sun 
is E. or W. of the meridian. 

Let t = the sun's apparent hour angle at the time of the observation, that is the 
local apparent time ftom apparent noon plus the change in the sun's right ascension 
between apparent noon and the time of the observation. This is -|- when W. and 
— when E. of the meridian, or -f- for p.m , and — for a.m. times. The mean or 
watch time is sufficient for use in 2. 

Letp = an auxiliarv angle used in some of the reductions. 
Let all signs be faithfully regarded. Let logarithms be used. 

6. Direotions. For finding z from g". Use the following equations. 

«' = 90*>— ^' (1) 

z:= s^ + 55" tan a/ (2) 

c. Direotions. For finding A token ^, 6 and z are given. 

Find tan J4 (*— A:') = cot J^ (0+<O tan J4 (0— rf) cot J4 « . (3) 

When < tJ and of the same name find A; = j4 « + >^ (*— ^) * • • (4) 

When > <5 and of the same name find kf=}^ z—j^ Ik—kT) . . (5) 

When ^and 6 havedifferent names findA:'= j4 z — }^ (*—*') . . (6) 

ThenfindAfromCos A=tanA;tan^ortan*'tan^ .... (7) 

Checks. 

«n- /JN « J Sin ^ cos A; zqv 

When(4)Ui«ed snr3=^3iF ^^^ 

COS k i:osk^ ^ ^ 
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WhenC6)or(6)i.u.ed |2-$=.^ ....... (10) 

Sin Sin S 

"'SSiP-SSi*"""'' ..... (m 

Find Sinp = 8in Acos^ (13) 

Sin p and cos p are at the same place in the table. 

d. Example. ^ = 42^ 16' 30'' N. « = 52® 43' 30'' 

<5:==18®13'20'' y. >4« = 26«2r46^ 

0+iJ = 6O° 29^50'' 

^ — <J = 24® 3' 10" 
J^(^+cJ)=3a»14'56'' 
^(0— d)=120 r35'' 



Checks. 



Cot5^(^+cJ) = 0.2342195 Tan = 9.9586273. Sin 0=r 9.8278148 Cos 0« 9.8691875 
Tan54(0— 6) = 9.3284570 — Tan y= 9.2477939. Cos A:'= 9.9933068 Sin A = 9.9943079 
Cot Ya z = 0.3048785 — Cos A= 9.2064212. Cos j)= 9.8345080 Sin p= 9. 8634954 
TanJ4(*—*')= 9.8675650 3894. ^ , . 

346 318. At same place in table. 

204 A =99® 15' 22"5 

J4(*— Ar') =36^23' 46'^ Sin ^ = 9.8278148 Cos Ar' = 9.99330®! 

y^ g =26®21'45'' Sini5 = 9.4951325 Cos k = 9.6606 232 

*'=— 10® 2'00« 0.3326823 0.332683(1 

*= 62® 45' 30" ^'>ooJ!ooo^ 

e. Bexnarks. Look out tan 0, cos 0, and sin 0, at one search. Use either check 
as may be preferred. This operation heed not be performed oftener than the 
demands of the work require, the plate being used mean time. 

13. Remarks. 

The observations and reductions can be always mada. according to the process 
given, without a watch, but the latitude of the place must be known. It must be 
carried on as the survey proceeds, by measurement, or an observation made to 
determine it with the instrument. If it becomes necessary to find the latitude itt 
may be done as follows : 

14. Finding tlie Latitude by tlie Sun. 

a. Direotions. For Observations, Near noon begin to observe the sun 
a little betore it reaches its greatest altitude. By means of the slow-motion 
screws keep the sun^s image exactly in place on the screen, or by direct sight keep 
the cross-wires exactly on the sun. As it moves upward just carefully follow it, 
recollecting that the object is to get its greatest altitude. Be carefUi to stop fol- 
lowing it when it turns and begins to descend. 

5. Direotions. For Beductions, Find «, as in 12, &• Find the sun's appar- 
ent declination, (^ as in 11, c. Then 

2? + <J = ^, the required latitude. .... (13) 

Be sure to observe the Algebraic signs, as 6 may be + or — . 

€• Remarks. Having the latitude in this way, the observations and reduc- 
tions may be conducted according to the processes above given. The latitude once 
carefully ascertained by this or some other method, may be preserved bv the dis- 
tance traversed north or south of the point of the last observation for latitude. It 
will at once appear that the measurement and observation mav be made to checlc 
each other. The method of reducing the change in latitude by linear measurement 
may be as follows : 

15. Finding: tlie Latitude by Linear Measurement. 

a. Conditions. The latitude of the point measured from, or reckoned from, 
must be known. The measurements must be reduced to the north and south 
direction from the reference point. Let reduced distances north be -f-, and those 
south be — . Let all signs be observed. Let the true bearings, or directions of all 
lines with the meridian of the reference point, be given. Let any number of courses 
be ran in any direction. 
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5* Direotions. For reducing the north or south distances. Multiply the 
length of each course by the cosine of its bearing, the results being given signs 
as above indicated, + ^or northerly courses, and — for southerly courses. Sum 
these results regarding the signs. 

c. Remarks. This sum will be the distance north or south of the reference 
point. 

d. Directions. For reducing feet to minutes of Latitude. Find the length of 
a ndnute of latitude for the place by this equation. 

. = 6076.36(l+SJ!l^*-J5!)) .... (14) 

Then divide the traversed distance north or south of the reference point by the 
value of w found from this equation. 

e. Remarks. The result will be the minutes and decimals of a minute o^ 
the new point from the reference point. This value of m will be in feet, hence the 
north or south distance must be in feet. 

16. Remarks. The latitude may be dispensed with during a dav's work 
after the first satisfactory observation. It may be for a Ioniser period if the watch 
is to be depended upon. It will be well to find the latitude, and check tlie work 
occasionally, where the watch is used. In order to prepare the watch for this work, 
proceed as follows : 

17. Correctiiigr the Watch. 

a. Directions. For correcting the Watch by a Noon Observation. Havine 
ascertained the bearing of a line without the aid of the watch, as at first directed, 
near noon set the line of sight in a meridian. Set the telescope so the sun can be 
seen in it, or received on the screen as it passes the meridian. Note the time by 
the watch when the sun's west side comes in apparent contact with the vertical 
cross-wire. Note the watch time when the east side of the sun Just touches the 
vertical wire. Find the time half way between these two noted times for the time 
of the meridian passage of the sun's center, or the time of apparant noon, by the 
watch. 

6. Remarks. The time as above found should differ from exact noon by 
just the equation of time for that date and time as given in the Nautical Almanac. 
Observe the sign there attached to the equation of time. The watch may then be 
set to true time if not correct. That is, it may be set so that the time of tlie sun's 
meridian passage vnU. be just the equation of time, with its sign, from exact noon. 

c. Remarks. The watch may also be corrected directly from an observation, 
reduced as at first directed in lO and 12. Here it will be necessary to take the 
watch time of the observation, as directed in lO. Having done so, and reduced the 
observation by 12, proceed as follows: 

<f . Direotions. For correcting the Watch by an observation at any time. Hav- 
ing found A and «?, and knowing d, find t by the following equation. 

c, . sin A sin 2; .^^- 

Sin« = — — — r — (15) 

cos o ^ ^ 

This being in arc, reduce it to time at the rate of four minutes of time to one 
degree of arc. 

6. Remarks. This result should differ from the watch time of the observation 
from mean noon, by just the equation of time, with its sign. If it does not, set the 
watch so it would have done so had the observation been made with tlie corrected 
watch. 

18. Remarks. Having corrected the watch by the last method, the value of 
t in time may be found from the value oft at this observation by noting the time 
by the watch of another observation, and thence finding the elapsed time. This 
applied to the first value of t will give its value for the last observation. Thus the 
value of t may be carried forward as long as the watch runs true. Of course it will 
occur to many at once that the watch can just as well be used to measure the 
elapsed time without being corrected. This is too careless. The better way is to 
keep a carefhl oversight of the watch by correction. Thereby it may be known 
how much the watch is to be trusted. It is always best to establish a routine syv 
tern in these matters, as soon as practicable, and adhere faithfully to it. 
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19. Remarks. When the watch is corrected by either method, it will give 
«ne value off in time directly as follows : Note the time of an observation. Apply 
to this time the equation of time ujith its sign, as given in the Solar Ephemeris Table 
of the Nautical Almanac. The result will give the apparent time of the observation 
f^om apparent noon, + when the sun is west of the meridian, and — when it is east 
This found is the required value oft. 

20« Reducing Obserrations. 

a. Conditions* Let the notation be as before. 

Let t = the sun's apparent hour angle at the time of the observation, that is the 
local apparent time ftrom apparent noon This is + when W. and — when E. of the 
meridian, or + for p.m., and — for a.m. times. 

Let the value of « be found by 18 or 19, and reduced to arc at the rate of one 
degree of arc to each four minutes of time, the work being carried out to seconds 
of arc* 

o. Directions. For finding A when 6. «, and z are given. Find A from the 
following equations. 

Q, A cos S sin t -,_. 

^^^^= Sing (13) 

__ _ Sin « sin t ,, .. 

^«*- i^=^EA (14) 

C. Example. <5 = 18*»30'20''N. « = 52*» 43' StK' f = 5o*» 46' 32'/5 
Cos (5 = 9.97765541 
Sin « =9.9174225 



9.8950779 
Sin « = 9.9007700 J 



9.9231146 )py,_t 
9.9231146 ; ^''^^• 



SinA = 9.9943079 
A = 99^15'22r5 

20« Remarks* The value of A as determined in these examples is greater 
than 90°, because ttie sun is south of the zenith. The value of t used in the second 
example was found from the tirst, hence the exact checlt . It may be noticed how 
much less figuring is required in the second example than in the first. It should 
be noted, however, that more than one check is figured out in the first example, 
and so more than the necessary figures shown. The value of A is carried out with 
exactness in order that the process may be fully illustrated. 

21* Summary. Several courses are hereby opened to the surveyor. This 
is done that he may have the more checks at his command, and so make certain of 
his work, It may be well to indicate these courses in a catalogued lorm for easy 
reference. The courses are 



terence. Tue courses are 
The processes of 10» 12» and 14 or 15* 



The processes of lO, 12» and 14 or 15» and thence 

16, a, or 16, d, and 18 or 19 and 20. 

22* Cautionary. Keep the levels and the vernier of the vertical circle in 
good adjustment. Also keep the adjustment of the axes of the instrument, the 
transit axis and the vertical axis, in good order. 

23. Greneral Remarks* It will be seen that in doing solar work with these 
attachments in the manner explained above, the observation of the sun depends on 
the ordinary line of sight of the telescope exactly as in all Gteodesic work. 

For this reason no extra adjustments are required. The accuracy of the observa- 
tion in no way depf'nds on these attachments, which are merel^r conveniences to 
enable one to make solar observations with the ease and precision of ordinary 
terrestrial work. 

Other Solar Attachments are mechanical devices requiring special adjustments, 
and considerable care is necessary to keep these adjustments perfect, while they 
cause some degree of anxiety and doubt in the mind of the engineer as to whether 
they are quite perfect or not. 

With this invention all these sources of anxiety are avoided, the solar observation 
being made with the telescope of the transit itself, while it has the advantage of 
being applicable to every surveyors' and engineers' transit, is so light as not to add 
appreciably to the weight of the instniment, so simple as to require no special pro- 
vii^on for its care, and so cheap as to be within the reach of every surveyor. 
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On Stadia Measurement. 

Written especially for this Catalogue by Gbo. J. Spbcbt, C. B., San Pfaadsco, CaL 

A transit or theodolite, which is proyided with the so-called stadia wires and a 
Tertical circle, ftiriiishes the means to obtain simultaneously the distance and the 
height of a point sighted at without direct measurement, and with the only use ol 
a self-reading rod, held at the pohit of which tlie horizontal and vertical po8itio& 
is to be determined in reference to the instrument-point. 

Besides the ordinary horizontal and vertical cross hairs of the diaphragm of the 
telescope, two extra horizontal hairs are placed parallel with the center one, and 
equally distant on each side of it, which, if the telescope is sighted at a leTeling 
rod. will inclose a part of this rod or stadia-rod, proportional to the distance ft-om 
the instrument to the rod. By this arrangement we have obtahied an angle ol 
sight, which remains always constant. 

Supposing the eye to be in the point O (Pig. 1) , 
the lines O e and O k represent tlie lUies of sight 
from the eye through the stadia-wires to the rod, 
wliich stands consecutively &tke^id.hc,gb and 
/ a. According to a simple geometrical theorem 
we have the following proportion ; 

OaiOb: c: O d: O e =saf: b g: c h: d i: € k^ 

which means that the reading of the rod placed 
on the different points a, 6, c, d and e is propor- 
tional to the distances O a, O 6, O c, O d and O e. 

The system of lenses which constitute the telescope do not allow the use of this 
proportion directly in stadia measurements, because distances must be counted 
from a point in front of the object glass at a distance equal to the focal length of 
that lens. 





Figure 2 shows a section of a telescope provided with stadia wires. 
In order to determine the distance of the rod from the instrument it will be neces- 
sary to use the following equations. From the *^law of lenses" we have the relatioD 

fi-^fi 7' 

in which /, and /, are *' conjugate foci " and /is the focal length of the object glass. 
From the diagram it is evident that O C :AB = O D : ab. It we let p = the dis- 
tance of the stadia wires from each other, /,=» distance O C and a = the space on the 
rod ABj and 2> the distance from the center of the instrument to the rod, then the 
second equation becomes/, : a = /<. : p. Eliminating /^ from these equations we find : 

/, = a-^+/ 
P 



or we may write, since — is constant, 



ft=ak4-f. 
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From the center of the instrument to the rod the distance is 
D=:aA; + (/+c) 
c being the distance from the objective to the center of the instrument. 

Since (c +/) is practically a constant it is usually denoted by the single letter c. 
and IS known as the " constant of the instniment." 




When the line of sight is not level, but the stadia held at right angle to it, the 
formula for the horizontal distance is : 
(2) D s=: ib.a.cos n + e-^- om. 



The member om » - sin n ; for a = 2i\ n ■ 
2 



> 45'' the yalue of am is but 8.4^ and for 



a^lCK, fi rs 10<> it is O.SC ; this shows that om in most cases may safely be omitted. 

Some engineers let the rodman hold the staff perpendicularly to the line of 8i£[ht : 
they accomplish this by different devices, as, a telescope or a pair of sights attachpd 
at right augle to the staff. This method is not practicable, as it is very difficult, 
especially in long distances, and with greater vertical angles for the rodman to see 
the exact position of the telescopes, and fl:rthermore. in some instances it is entirely 
Impossible, when, for instance, the point to be ascertained is on a place where only 
the staff can stand, but where there is no room for the man. The only correct way 
lo hold the staff is vertically. 

In this case we have the following : (Fig. 4) 

MF = c + GF = c + *.C.D. 
CD must be expressed by AB. 
AB=a. AGB = 2m. 
CD = 2GFtan.m. 

And finally, after many transformations : 

D = c.cos n + a.Ar.cos'n — a.A;.sin'n tanmi. 

The third member of this equation may safely be neglected, as it Is very small 
even for long distaiftses and large angles of elevation (for ISOO', n =45^ and A;^ 100, 
it is but 0.0^. Therefore, the final formula for distances, with a stadia kept ver- 
tically, and with wires equi-distant fVom the center wire, is the following : 
(3) D = c.cos n 4- a.ifc.cos'n. 

The value of ccos n is usually neglectea, as it amounts to but I or 1.5 feet; it Is 
exact enough to add always 1.25' to the distance as derived firom the formula 
(3a) D = a.A;.cos*n 

without considering the different values of the angle n. 

In order to make the subtraction of the readings of the upper and lower wire 
quickly, place one of the latter on the division of a whole foot and count the parts 
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included between this and the other wire ; this multiply mentally by 100 (the con- 
stant k) which gives the direct distance D'. 

In cases where it is not possible to read with both stadia wires, it is the custom 
to use but one of them in connection with the center wire, and then to double the 
reading thus obtained. With very large vertical angles, this custom is not advis-^ 
able, as the error may amount to 0.50% . 




To find the height of the point where the stadia stands above that one of the 
Instrument, simultaneously with the distance, we have the following : 

We assume in reference to figure 4, 

^ = height of instrument point above datum. 

MP== D = horizontal distance as derived from formula (3). 

n = vertical angle. 

^ = FE = stadia reading of the center wire. 

Q = height of stadia point above datum ; it is 

Q = g + Dtann — h. 

The substi*action oth can be made directly by the instrument, by sighting with 
the center wire to that point of the rod, which is equal to the heiglit of the telescope 
above the ground (which is in most cases =:4.o') ; q will be constant for one and 
the same instrument point ; then the formula : 

Q = D tan n ; 
this in connection with formula (3) gives 

Q = c sin n + a,k, cos n. sin n. ^ 

or Q = csinn + a.A;. !i5l_!i 

2 

The first term of the equation can be neglected, when the vertical angle is not too 
large ; hence the final formula for the height is 



(6; 



Q= 



a.k. sin 2 n 
2 



The position of the stadia must be strictly vertical. 

The error increases with the height of m ; (m = height of center wire on the 
rod). In shorter distances the result is seven-fold better when the center wire is 
placed as low as one foot than it is at 10' ; in longer distances this advantage is 
only double. 

It is always better to place the center wire as low as possible. If the stadia is 
provided with a good circular level, the rodman ought to be able to hold it vertically 
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within 60(V^ ; that means, that the inclination of the stadia shall not be more than 
0.0-23' in a 10" sUdia, or 0.034' in a stadia of 15' len^h. 

Determination of the two constant coefficients c and k. Although the stadia wires 
are usually arranged so that the reading of one foot signifies a distance of JOO feet, 
I will explain here, how to determine the value of it for any case. Suppose the 
engineer goes to work without Icnowing his constant, and not having adjustable 
stadia wires. The operation then is as follows : 

Measure off on a level ground a straight line of about lOOO' length; marie every 
lOO', place the instrument above the starting point, and let the rodman place his 
rod on each of the points measured off ; note the reading of all three wires separ- 
ately, repeat this operation four times ; the telescope must be as level as the ground 
allows ; measure tlie exact height of the instrument, i. e ■, the height of the telescope 
axis above the ground. Then find the difference between upper (o) and middle 
(to) wire ; between middle (to) and lower (m) wire, and between upper ^o) and 
lower (ii) wire, from the four different values for each difference, determine the 
average valne ; then solve the equation for the horizontal distance (1) D = k.a -f c, 
with the different average values, and you find the value of k and c. In ease the 
stadia wires should not be equi-distant from the center wire, there will be three 
different constants, one for the use of the upper and middle, one for the use of the 
middle and lower, and one for the upper and lower wire. 

If the stadia wires are adjustable, the engineer lias it in his power to adjust them 
so that the constant k ss 100, or A; = 200, which he accomplishes by actual trial along 
a carefully measured straight and level line. 

The constant c, which Is usually one and a half times the focal length of the object- 
glass, can be found closely enough for this purpose by focussing the telescope for a sight 
of average distance, and then measuring from the outside of the object-glass to the 
capstan-head screws of the cross-hairs. This constant must be added to every stadia 
sight; it may be neglected for longer distances. 



Stadia Measurements. 

Written lor thas catalogue and manual by H. C. Pbarsons, C. E.» Fenysburg, Mich. 

In view of the great and growing interest in the subject of ** Stadia MBosurementa,*' 
the following solution of the problem is offered, as applied to inclined measurements. 

This solution is made from a different geometrical consideration than that usually 
employed, and it effectually does away ^th the necessity for any subsequent cor- 
rections, as with most schemes in use for inclined distances. 

In the following discussion, let 

R = the reading of the stadia rod; 

D = the horizontal distance Arom plumb line of transit to stadia rod, which mnst 

be vertical, 
m = the angle of elevation or depression to the smaller reading of the stadia rod. 
n = the same angle to the larger reading. 




Through the point c, at the distance of unity firom the centre of Instrument, 
draw the vertical cb. Then the rod AB, being also vertical, the triangles a oh 
and AoB are similar, as are also the triangles cob and CoB. But the readr 
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Sng, R, of the rod AB is the difference of the tangents of the angles of elevatioBy 
M and n. Also, the distance a 6 is the difference of the tangents of these angles, 
m and n, to distance unity, as given in the trigonometrical tables. 

Whence, to find the horizontal o C =: D, we have simply to divide the reading of 
the ** Stadia Bod " by the difference of the tangents of the angles of elevation. Or, by 
formola,— 

D = 5 

Tan. n — Tan. m 

If one of the angles should be a depression or — , we must then divide by the mtm 
oi the tangents, and the formula would be 

D=— 5— — 
Tan. n -|- Tan. m 

SKample.^ltnm>^ 12*" 16', nat. Tan « .217426 

"m-=10*'10', " ** « .179828 

The difference of the tangento « .088098 

Then, if R » 12.26 feet. 



It may happen that our transit has no vertical circle, or that we have no trigono- 
metrical tables at hand. In either case, introduce an auxiliary rod, e b between the 
stadia itKl and the plumb-time of transit, and at some Imowu horizontal distance, — 
preferably 100 feet, — from the latter, and note the intercept a b. 

This intercept is the analogue of the difference of tangents used in the former 
case, and must be used in the same manner, in dividing the reading of the stadia rod, 
when we bhall have the distance, D, in terms of the distance of the auxiliary rod from 
the transit. 

Example, — Suppose the intercept a d on the auxiliary rod, at distance 100 feet, is 
.845 foot, and that the reading R, of the stadia rod is 12 feet, then 

oC «» D » (12 -f- .845) X 100 » 1420 fleet. 

If the height, H, of the foot of the stadia rod, above or below the height of 
Instrument, be wanted, it may be had from the following equation : 

H = -j-DTftn.m, 

in iMeb. the + sign must be used for angles of elevation, and the ^ sign for those 
of depression. 

Or if the auxiliaiy rod be used instead of the vertical arc, note the intercept a h 
on this rod, between the level line oC and the line of sight to the foot of the stadia 
rod, and 

MuUijdy thi8 inJtercept by the ratio cfDtooc. 

J^xomple— in the last case, if ca = 1.06 ft, oc being 100 feet, and D = 1420 ft. 
then 

CA » H = ca -^ «^- 1.06 ^ -» 16.06 feet. 
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Tbe Adjustments of the Auxiliary Telescopes of Mining 

Transits. 

The Detachable Side-Telescope. 

This telescope, illustrated on page 189, as ordinarily made, is at^^iohed to the 
transverse axis of the main telescope by mean^ of a hub, which is sere weu upon a pro- 
longation of this axis beyond the btandards. The hub contains an independent hori* 
sontal axis upon wnich the sldo-telescope may be revolved, and to which it may be 
clamped. The sido-telescope is usuallv set parallel to the main telescope, and look* 
ing iu the same direction, but it mav be set so that it is inclined at a given vertic al 
angle when the main telescope is horizontal. A counterpoise is attached to the other 
end of the transverse axis of the main telescope, so as to balauce the weight of the 
side-telesoope and retain that axis horizontal when the side-telescope is in use. The 
side-telescope is mainly Intended as an auxiliary in measuring vertical angles, and it 
is on this account that the simple means of attaching it to the transit, here described^ 
has been adopted by us as sufficient for the purpose, although it will be very diffi- 
cult to place its line of oollimation truly parallel to the main telescope for all focus- 
sing positions of the object-slide. 

The adjustments of the detachable side-telescope are as follows : — 

1. To place its vertical wire perpendicular to the transverse axis of the instru- 
ment. Attach the side-telescope and the counterpohte to the transverse axis. 
Clamp the side-telescope slightly to its hub, bisect a point by its vertical wire and 
move the main telescope on its horizontal axis of revolution. If the point remains 
bisected by the vertical wire of the side-telescope throughout its entire length this 
adjustment is correct. If not, loosen the capstan-headed screws and rotate the 
reticule bearing the wires, as explained on page 58, until the wire bisects the point 
thn>ughout its entii'e length. Then slightly tighten the capstan-headed screws aa 
explained in "Some Remarks Concerning Instrument Adjustments," page 20. Also 
see page 58. 

d. To place the intersection of the cross-wires of the side-telescope in its line 
of collimation. This may be done in several ways. 

(a) The side-telescope being detachable, it could be adjusted by rotating it in 
wyes, were any at hand. Such wyes, as we have shown before, may be impro- 
vised by cutting the proper shapes out of thin wood, and fastening a pair of them 
to a board in an upright position. The distance between them should be such that 
the telescope may rest upon the outside of the mounting of the object-glass and 
against its shoulder where the cap is placed, and upon the tube near the cross- 
wires when practicable. The improvised wyes being placed on a firm support 
and fastened so that thev will not move, the side-telescope may be revolved in 
them, and the wires may be placed in the line of collimation as in a wye-level, using 
a distant point. The horizontal wire, being the more important one in the side^ 
telescope, should be placed with some care. 

(b) This adjustment for oollimation may be made without removing the side- 
telescope, if for the adjustment of the horizontal wire a small spirit-level* mounted 
on a metal base, similar to those described on page 119, is at hand. Then proceed 
thus : 

Adiiustment of the horizontal wire, First, level up the instrument by its plate 
levels. Then, placing the main telescope in a horizontal position by its level, 
find a well-defined object, such as the target of a leveling rod, distant about 300 feet 
Now clamp the side-telescope when in a nearly horizontal position to its huh, and 

8 lacing the auxiliary level, which has been previously adjusted, longitudinally on 
tie side-telescope bring its bubble to the center of the tube by means of the tan* 

* Such a spirit-level mounted in a casUron frame, and good enough for this puipose if carefully selected. 
Ma be boqii^ in any of the better equipped hardware stores. 
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gent sorew of the main telescope and now, by turning the inetniment on its vertioal 
center see if the horizontal wire of the side-telescope bisects the object or target 
also. If so, this adj ustment is made, but if not, it must be completed by moving the 
Tertical capstan-headed screws as explained on page 5& 

To verity this adjustment, the side-telet»cope may be reversed on its horizontal 
axis of revolution and clamped to its hub when nearly in the same levei plane. 
Then turn the instrument a little more than 180' on its vertical center, place the 
auxiliary level on the side-telescope, same as before, and bring the bubble to the 
center of its tube by means of the vertical tangent screw. If now, when the side- 
telescope is in the reversed position the horizontal wire bisects the object also, this 
adjustment is completed, but if it does not then the horizontal wire must be moved 
again to a point half-way between the two readings. 

This adjustment may also be made by the auxiliary level alone or by means of 
a striding-level without the aid of the main telescope (see page 140). 

Adijtutment of the vertical toire. Select a well defined object, as a church spire, 
distant 5 or 6 miles. Bisect it with the vertical wire of the main telescope, and 
without moving the instrument, look through the side-telescope and note whether 
the object is also bisected by its vertical wire. If not, make the adjustment by 
moving its vertical wire by the horizontal capstan-headed screws, until the object 
is bisected also. The distance) between the two telescopes being only a few 
inches, the vertical wires will cover so great a width, if the object be sufficiently 
distant, that the effcist of the excentricity of the side-telescope will be almost im- 
perceptible and the same distant point may be used for each telescope. 

(c) When a distant object is not available, measure with a pair of dividers the ox- 
CMitricity of the side-telescope, which is the distance between the centers of the two 
telescopes. Then transfer it to the face of a wall as far distant as practicable and 
make two marks whose horizontal distance apart is equal to this excentricity. Bisect 
one of these marks by the vertical wire of the main telescope and then look tbrou^ 
the side-telescope and note whether the other mark is bisected by its vertical wire. If 
not, make it do so by moving the cross-wires of the side-telescope as described on page 
58. The direction of the lines of sight should be at right angles to the surface upon 
which the two marks are made. 

The position of the side-telescope with respect to the main telescope should be 
assured whenever the former is to be used. This may be done as follows : find a mark 
that is bisected by the horizontal wire of the main telescope. Then turn the instru- 
ment on its vertical axis and notice whether the horizontal wire of the side-telescope 
bisects the same mark. If so, firmly clamp the side-telescope to its hub. If not, 
gently tap one end of the side-telescope, which hitherto has only been loosely clamped, 
until its horizontal wire coincides with the mark and then clamp the side-telescope to 
its hub. The telescopes are now set to correspond with the zero of the vertical circle. 

To place the telescopes at an angle with each other. Level up and fix a mark 
when the main telescope is level. Then raise or depress the main telescope the required 
angle and clamp the horizontal axis. Now move the side-telescope until its horizontal 
wire bisects the mark and clamp it firmly to its hub. During an extended operation with 
the side-telescope, the relative position of the two telescopes should be verified from 
time to time to detect any disturbance of the side-tele8cox)e. 

Transitu having the telescope moutfted at the end of the horizontai axia of revolu- 
tion are sometimes used in mines ; or, as shown in the Alt-Azimuths Nos. l.^a and 15b, 
this construction is used in some instruments for geodetic and smaller astronomical 
work. The adjustment of such a telescope for collimation may therefore be explained 
in this connection. The following method is as simple as any : — 

Select a well-defined object, as a church-spire, distant at least 5 or 6 miles. The 
.^istrument being leveled, bisect the object with the vertical wire and read the verniers 
of the horizontal limb. Then turn the vernier plate so as to read exactly 18o' different 
from the previous reading, and revolve the telescope. If the vertical wire is adjusted 
for collimation it will again bisect the distant object, since the space covered by the 
cross-wires on an object at such a distance will be much greater than the change in Uie 
position of the telescope as caused by its excentricity from the center of the instrument. 
If it does not again bisect the object, correct one-half the error by means of the hori 
zontal capstan-headed screws as explained on page 58. 
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The adjustment of the horizotital wire for collimation may be made by selecting 
one of the methods best adapted for a particular design of telescope. 

These two adjustments shouUI be repeated until both are correct. 

To measure the excentricity of the telescope, set up the instrument as near to 
a wall or other vertical object as possible. Draw a horizontal line upon the wall 
at a convenient height. Point the telescope exactly at right angles to the wall, 
mark whore the vertical wire intersects the line just drawn, and read the verniers 
of the horizontal limb. Turn the vernier plate exactly 180°, revolve the telescope 
and make a second mark where the vertical wire now intersects the line. The dis- 
tance between these two marks will be tioice the excentricity of the telescope. 

When using an instrument of this description for short sights, it is very con- 
venient to use sighting poles with excentric targets, or an offset at the foot of the 
pole corresponding to the excentricity of the telescope. 

The Auxiliary Top Telescope, 

Now snperseded by the Interchangeable auxiliary tele«icope, aee style !• 

This auxiliary, as previously made by us, was moimted in adjustable wyes on 
standards permanently fixed to the main telescope, so that both lines of sight could 
be made parallel. The weight of the top telescope was balanced by a coimterpoise 
attached to a stem also permanently fixed to the cross-axis of the main telescope. 
When the top telescope was not in use it was kept in the instrument box, while the 
standards and counterpoise stem were permanently fixed to the main telescope so as 
to avoid frequent and tedious adjustments. This featiu-e made the instrument 
troublesome and imwieldy for the more ordinary work in mines, and still less con- 
venient for surface work. 

This improvement when first introduced by us superseded all other forms of top 
telescopes as made by others whose main object seemed to be simply to straddle an- 
other telescope above the main one (a mere commercial article, not an instrument 
of precision) for the purpose of steep sighting. But since the line of sight of such a 
telescope can never be placed truly at right angles to the cross-axis, the line of colli- 
mation does not move m a truly vertical plane, therefore horizontal angles measured 
between points differing greatly in elevation or in distance are never correct. 

It can also be readily seen that the telescope of a solar attachment as commonly 
made, having no means of lateral adjustment to the main telescope, is insufficieaiin 
this respect (even leaving aside its low power and aperture) and cannot meet ffe 
requirements properly. The adjustment by which the line of collimation of top 
telescope is placed in the same vertical plane as that of the main telescope is just as 
important as that of the main telescope itself. ' 

A most convenient and practical device having all the advantages of that former 
style, i. e., means of adjusting the line of collimation parallel to that of the main 
telescope, so that after having been removed it vriU retain its adjustments when again 
aUachedy is our new moimting of the top telescope by means of threaded studs. This 
enables the engineer to read horizontal angles when the main telescope cannot be 
used, obviating the making of corrections for the eccentricity of the telescope. 

Patent Adjustable Top Telescope. 

This device consists of an adjustable auxiliary telescope (see pages 189 and 
193) and an open central pillar, which latter screws to a threaded stud cast on or 
permanently secured to the cross-axis of the main telescope. When not needed, 
the auxiliary telescope and its counterpoise may be returned to the box and the 
instrument is free of incumbrances, save the stem for the counterpoise and the 
Btud to which the central pillar carrying the auxiliary telescope is attached, and is 
ready for surface work. . If desired, the top telescope may be entirely unscrewed 
from the central pillar, leaving the latter attached to the main telescope. 

The Adjustment of the Auxiliary Telescope used as a Top Telescope: — 
It is assumed that all adjustments of the transit proper have been made, that is, 
that the plate and telescope levels, the line of collimation, the vertical plane, etc., 
have been verified and corrected, and that the verniers of the vertical circle read 
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zero when plates are leveled up and that the bubble of the telescope level is in the 
center of its graduation. 

The adjustment of Lme of OoUimation of Auxiliary Telescope : First examine the. 
coincidence of the intersection of the cross wires with the optical axis. This may 
be done by rotating the telescope in improvised wyes of wood (see p. 93), or by 
rotating it in the soclcet of the pillar [as sometimes made by us] by unscrewing it 
about one turn, when the adjustment is made by moving the capstan-headed screws 
as described on page 58. The telescope must now be screwed to its bearing in such 
a manner that the cross-wires are parallel to those of the main telescope — ^to be veri- 
fied as e^rolained in "To make the vertical wire perpendicular to the plane of the 
horizontal axis/' etc., p. 54. 

To place the line of coUimation of the aiaciliary telescope in the same vertical plant 
vjith that of the main telescope. Bisect a distant object with tlie vertical wire of the 
main telescope ; see if the vertical wire of the auxiliary telescope also bisects the same 
point. If not, move the auxiliary telescope by means of the pair of opposing milled- 
headed screws attached to its pillar nearer the eye-end until the distant object is 
bisected at the same time by both vertical wir»*s. Now focus the main telescope on a 
near oliject and see if the vertical wire of the auxiliary telescope bisects the same 
point as the vertical wire of the main telescope. If not, make the adjustment by 
means of the pair of capstan-headed opposing screws on one side of the adjusting 
trivets of the pillar. Then re-examine both wires for coincidence with the distant 
object, u-^ing the milled-headed screws, and also repeat the adjustment for near object 
if necessary. The two lines of coUimation are now in the same vertical plane. 

To adjust the top telescope so thaJb both hortzonlal uires bisect the same distaid 
object. Bisect a distant object with the horizontal wire of the main telescope, and see 
whether the horizontal wire of the auxiliary telescope bisects the same point If not, 
make the coincidence by means of the pair of opposing capstan screws in the trivets 
near the milled-headed screws. This being done, both these adjustments shonld be 
verified and repeated if necessary. These adjustments once carefully made assure 
the exact parallelism of both telescopes and will not require repetition except at long 
intervals, or after an injury. 

The distance between the lines of sight of the two telescopes should be carefully 
measured by sighting at a vertical line on a wall — the telescopes being horizontal — 
when the distance between the intersections of the two horizontal wires on the line will 
be the eccentricity of the top telescope, for which every vertical angle measured with 
it should be corrected. 

The Berger Style I Interchangeable Auxiliary 
"felescope (Patented), 

See paipes 180 and 193. 

In this device Style I, the auxiliary telescope screws direct upon an open central 
vertical post cast in one piece with the transverse axis to secure great rigidity, the 
degree (M accuracy of the result depending in a large measvure upon the degree of 
acciffacy with which the center of the pillar, and the line of coUimation of the prin- 
cipal (then vertical) wire of the auxiliary telescope are made to he in the same verti- 
cal plaiie as the optical axis of the main telescope or parallel to it. With the care 
given to it and special machinery used for it, this condition, difficultas it is, is secured 
to an extent which leaves Uttle to be desired for all practical purposes. As the aux- 
iliary telescope is interchangeable from top to side there is really need of but one wire, 
which we wiU designate as the principal wire. This, when the auxiliary is moimted 
on top, is the vertical wire, and when on the side becomes the horizontal wire. There- 
fore it will be seen that when the auxiUary is mounted on top the line of coUimation 
of its horizontal wire is immaterial, as no vertical angles will then be measured. 
When the latter are to be measured the engineer wiU then moimt the auxiUary on 
the side, when in turn the vertical wire becomes immaterial. The auxiUary tele- 
scope is provided with two miUed-headed opposing screws for ranging in line with the 
mam telescope. The auxiUary telescope*s adjustment of coUimation and coincidence 
of the cross-wires and optical axis must be verified by the use of improvised wooden 
wyes (see above), should it become necessary. 

The success which the interchangeable auxiUary telescope has achieved, both 
here and abroad, since first invented by this firm in 1895 is somewhat phenomenal. 
It shows that this combination is the most appUcable one in solving the difficult 
problems arising in mine engineering. For tliis reason every preparation has been 
made to meet the demand and new improvements are added as experience may sug- 
gest. AU our top telescopes are therefore now made interchangeable. 
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The Use of the Interchansreable Auxiliary Telescope 
for Astronomical Observations, 

Besides its ordinary use for steep sighting in mines, the interchangeable auxiliary 
telescope, as described in the foregoing article, will at times be found very useful as 
an astronomical instrument. It is particularly advisable in making latitude observa- 
tions by meridian altitude and in observing transits across the meridian for time. As 
a rule when the prism is attached to the eye-piece of the main telescope it is not pos- 
sible with the engineer's mining transit to point the telescope at a greater angle of 
elevation than about 70°, consequently it would be impossible to make solar observa- 
tions at a latitude lower tiian 40° when the sun is at its greatest declination or obser- 
yation on stars near the zenith. However, by attachinji: the priem to the aaxlliary telescope 
U8edaBatopor8idetele8Cope,the8eob8ervation8maybeinadewithea8ean(lthi8CilfBcultyoverGoin& 

In making latitude observations the interchangeable auxiliary telescope should be 
attached at the side ; and its horizontal wire is then, by means of the two oppos- 
ing tangent screws, made to correspond to the line of coUhnation of that of the main 
telescope by bisecting with both telescopes some distant and well-defined object : then, 
if a meridian mark is used (which is not absolutely necessary), the transit should be 
set up in the meridian by the main telescope and the pointing on the sun or star may be 
made with the auxiliary telescope with or without the prism, as conditions may require. 

In observing transits the auxiliary telescope should be mounted on top and ranged 
into line with the vertical wire of the main telescope by using the two opposing 
screws as explained. 

In making solar and stellar obsenrations with the main telescope and prism attachment, the tele- 
■eope should always he reversed through th« standards with the objective down instead of up. 
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Magnetic Needle of Edge-bar Form 

The needle shown in the cross section of our Transit compass also in the top view 
on opposite page, represents the form adopted and preferred by us for all of our com- 
pass instruments, because it has its greatest dimensions in the vertical direction ; hence 
its name. At the ends, where it is read, it is quite thin, but increases in thickness 
symmetrically towards the central part to give it the rigidity necessary to retain the true 
longitudinal shape and yet be very light of weight to minimize the dulling of the pivot 
on which it swings. The point of suspension in the steel cap* and the two ends of the 
needle are in a straight line, thereby forming the geometric axis. 

The advantage derived from the edge-bar form, therefore, is that its mag- 
netic axis must be contained in the geometric axis of the needle, "whence it 
follows that there is no index error at its reading ends. 

This cannot be claimed for a needle of the flat, oblong type, since its magnetic 
axis may follow the grain imparted to it in rolling the steel ingot. In such a needle 
the index error may be negligible or amount to a great deal, according to size and 
shape. Hollow, cylindrical, and elliptically shaped needles are not exempt from this 
error, and as their ends require brass extensions for reading the graduation in a sur- 
veyor's compass, the effective length of the needle is not only shortened, but the exten- 
sions in themselves may become an additional source of index error. As will be seen 
in the cross section, the center of gravity in the edge-bar form is very much below the 
point of suspension, which, together with the increasing weight of the needle toward 
its central part, makes it less sensitive to dip. The quivering of a needle so constructed 
is not annoying, since the center of its quivering motion is in line through its two ex- 
treme points, which are, therefore, stationary. Permanent magnet steel is used only 
in its construction, which, when properly hardened, will, at all times, retain sufficient 
magnetism to give the needle direction when resting on a sharp point. It is the dulling 
of the latter t which is commonly at fault when a needle does not settle repeatedly in 
the same place — not loss of magnetism as is generally supposed — and most of this 
difficulty may be obviated by carefully raising or lowering the needle and not allowing 
the needle to play when shouldering the instrument. To be light the steel cap is mounted 
in 'an aluminum cell. 

* It is our belief that no advantage whatever is gained by suspending the needle on jewel 
bearings, but that a properly tempered steel bearing, resting on a steel pivot of a different temper, 
is superior to the jewel mounting. We find that in the instruments sent us for repair the jewels 
are almost always grooved by the wear of the pivot so that it is difficult, or impossible, to repair 
them satisfactorily. With steel bearings no such difficulty is encountered. As to danger of rust- 
ing, it is certainly no greater for the bearing than for the pivot, and the instruments sent in for 
repair do not often show signs of either bearing or pivot rusting, f 

t In order to partially remedy the wearing on the point we sometimes, upon special request, furnish a 
needle of twisted form which can be made very Ii«;ht and be quite stiff in proportion to.,its weight. It is not 
of a strictly scientific shape but answers the requirements of a Surveyor's Compass.^ The needle consists of a 
flat bar of ve'Hv-thin permanent magnet steel. At the central portion of i the Jbar, the blade is horizontal, 
while at the ends it is vertical as in the edge-bar form of needle. Between the center and the ends there are 
several twists in the bar. The points of the needle and the point of suspension are all in the same straight 
line in this new needle, as in the old. The center of gravity is placed as far below the point of suspension as 
the necessarilv limited depth of the Transit compass permits, but owing to its extreme lightness the center of 
gravity should be carried much farther below than the old to counteract the dip to the same extent. In conse- 
quence the needle of twisted form is more easilv affected by chang^e in latitude and its 
application is, tlierefore, limited, to use within latitudes differing not more than a few degrees. 

Caution. 

The magnetic needle must always be lowered very gently on its pivot. The 
knob marked "Lifter" (see page 98) raises and lowers the needle. If the needle is 
lowered abruptly upon the pivot, its fine point may be dulled the first time, and the 
needle will then work sluggishly and not settle twice in the same place. 

To use the Variation Plate, insert an adjusting pin. into the capstan-headed nut 
beneath the "Lifter," and by turning either way the desired declination may be set 
for East or West. 
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Berger Short Focus Lenses. 




A sectional view of a Berg^er Short Focus Lens attached to 
an £rectingr Transit Telescope. 




No. 1 and 2 Lenses. 



No. 1 Lens. 



The above lenses may be attached separately or together, as 
shown; for a complete description see opposite pa^e. 
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The Berger Short Focus Lens Attachment. 

A very valuable addition to the engineer's outfit is found in the short focus lens 
attachment which has been brought out. The contrivance is simple, but, like many 
simple devices, is very effective in overcoming a practical difficulty. Probably every 
engineer has been annoyed by being obliged to sight a point a little too near for the 
telescope to focus. Most transit telescopes will not focus on a point much nearer than 

5 or 6 feet (levels not nearer than 7 or 8 feet) away from the instrument, while it is 
frequently necessary to sight a point on the ground nearly under the transit, at a dis- 
tance which is usually less than that. 

In mine surveying as well as inside of factory buildings, one frequently needs to 
sight a point overhead or on the walls and very near the transit. Ordinarily the only 
way out of the difficulty is to focus as nearly as possible and do the rest by a guess. 
As a further instance, one often finds in leveling, that it will be necessary to take 
a reading on a point very near the instrument, and has to resort to various means 
(all of them inaccurate) of getting around the difficulty. The attachment men- 
tioned consists of a small aluminum tube containing a simple lens, which is attached in 
front of the objective. The lens is so placed in the tube that it can be accurately 
centered by means of 4 adjuscmg screws. The effect of this lens is of course to bring 
rays to a focus nearer to the objective, and thus enable the observer to focus a nearer 
object than would otherwise be possible. When the telescope will focus no nearer than 

6 feet, the attached lens, marked 1, is ground so that it will focus objects 6 feet away 
wJien the objective tube is drawn away in. This allows the entire motion of the focusing 
dide for distances between 6 and 4 feet. For distances nearer than 4 feet a second 
lens may take the place of the first and will focus up to about 2^ feet. If the two art 
used at once the distance is reduced to about two feet. 

With this pair of lenses there is no distance between two feet and infinity at whick 
objects cannot be focused. The accuracy of work done with this attachment is in no 
way affected by the centering of the attached lens itself, as this is capable of perfect 
adjustment. The only way in which error can occur is through the imperfection of 
the objective tube. If the cylindrical surface of the object-head of the telescope on 
which the attachment is placed is not concentric with the optical axis of the teles- 
cope this error will enter into the adjustment of the attached short focus lens. This 
error, however, is never large on an instrument sent out by our firm. But even 
admitting that there may be some error here, it must be rememembered that this lens 
is never used for objects more than about 6 feet away ; consequently the resulting 
error on the point is entirely negligible, and the convenience of the attachment in 
many cases is so great that it entirely outweighs any such consideration, since the 
work done at this distance will be entirely consistent with the work done with the 
instrument on the longer distances. The attachment fills a want that has long been 
felt by engineers and is certainly a step in advance in the perfection of instnunents of 
precision. 

To attach this device to their old instruments it will be necessary to send the instru- 
ment to them, as every lens attachment must be specially fitted and centered. How- 
ever, it can be supplied with any of their new instruments, either Transits or Levels, 
made since 1899. 

When attached to transits, No. 1 permits focusing objects to about 3^ feet. No. 2 
permits focusing objects to about 2^ feet : both permit focusing objects to about 2 feet 
from center of instrument. 

This is so important a feature that one trial will convince one that it is indispensa- 
ble to the outfit of an engineer The device is patented. The Messrs. Berger 
are also prepared to attach it to their Wye and Dumpy level, tor focusing nearly aa 
close as stated above for transits. Eor prices see catalogue, page 203. 
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NOTE. 



In selecting: instruments from catalog^ues, engi- 
neers sliould not be led so much by a simple com- 
parison of prices, as by the advantage offered in 
superior merits, working capacity, and preservation 
of fine qualities in case of severe treatment. We can 
cite instances, where transits and levels of our man- 
ufacture had severe falls, resulting w^ithout injury to 
any part of instrument — not even disturbing the 
adjustments. 

A larger outlay of $10 or $20 in the purchase 
of a superior article is a great saving in time and 
expense in the end. 

Owing to the great variety of styles and combina- 
tions enumerated with our instruments (which coin- 
binations may easily be carried into the hundreds) the 
principal combinations only are provided for in the 
code at the back of the catalogrue and Code names 
underlined indicate customary instruments which we 
intend to carry in stock. A large stock of these instru- 
ments is kept on hand, but owing to the very many 
combinations of sizes and styles and to the great de- 
mand, at times the instruments desired may have to be 
made specially, nevertheless. It is therefore advisable 
to order all instruments as far as possible ahead of the 
tim« intended for their use. 
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BIBBING PABTS OP INSTBUMENT8. 



Patrons will notice the omission in this edition 
of illustrations of the practice of ribbing: and con- 
struction of parts of our instruments to gain streng^th 
and lightness. 

We omit the illustrations of these improvements, 
introduced by us since 1871, because now they are 
in common use. 

The cuts in this catalog show the lines on which 
we are advancing these improvements to an extent 
hitherto unknown. 



ALUMINUM. 



We omit cuts in former editions of parts of in- 
struments made of aluminum alloys, because said cuts 
do not express the w^ider range of use to which these 
alloys are being applied by us today to instruments of 
special design for special purposes. 

Nevertheless, in the present state of these alloys 
it is incumbent upon us to say that the opinion ex- 
pressed in Part I of this catalogue must still gener- 
ally be adhered to. 

These alloys, in the construction of field instru- 
ments, must be used with extreme caution and judg- 
ment to give satisfaction. 
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The Bergrer Complete Engineers* and Surveyors' Transit No. Ic 

For description and prices see Engineers' and Surveyors' Transit. :i ^ ^ ^ ^ 
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The Bergrer Complete Mine Transit No. 4. 

With Style I iiit«rclutiigeabl« auxiliary telescope. 
(Horizontal circle either 4 or 4i^ inches.) 

For description and prices see Mine Transits. 
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The Berger Complete Mine Transit No. 4 k. 

Wltb edge graduations and A&lljr enclosed vertical eircle* 

For description and prices see Mine Transits. 
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Spirit Levels. 



For the benefit of our patrons we enumerate below the principal Spirit Levels we are prepared to supply 
at short notice. They are made by us, and are of the same superior qualitjr as those furnished with our instru- 
ments. In the list below we give length, diameter, and degree of sensitiveness. They are ^duated,^ as a 
rule, as shown above. — Levels different in size from this list can be made to order only, and will be furnished 
only when order is accompanied with tAe tube or tnouttting f&r which one is intended, and also sifting the 
kind o/ instrument it is for y and the degree of sensitiveness desired. We will positively not make kny levels ^ 
upon written dimensions only, but require the tube to be sent in all cases, as otherwise we will not be respon- 



sible for any ^ure in that respect. Please read pages 6 and 15. 

iro. 

2. 
8. 
4. 
6. 
6. 
7. 
8. 



Length from tip to 

tip in Inches. 

6.50 to 6.60 


Diameter in Inches. 


Sensitiveness. 


0.75 to 0.80 


One div. (0.10) = 10" to 20" of arc 


4.76 


0.65 to 0.68 


(0.15) = 15" to 20" " 
" (0.15) =15" to 20" " 


4.10 


0.58 to 0.60 


ano 


0.51 to 0.53 


(0.10) =20" to 25" " 


2.40 


0.51 to 0.53 


(0.10) =60" 


2.00 to 2.25 


0.41 to 0.43 


(0.10) = 70" 
(0.10) = 75" 


1.68 - 


0.41 to 0.43 



Prioe moonted, 
if tate is re- 
turned. 
$4JiOto5.00 
dak«to4.00 
S.80 
8.20 
1.80 
1.80- 
1.80 
Price 
anmounted, 
90 cents less. 




C. L. Berger & Sons' Quick Leyeliag Attachment. 

SkowB M Applied to Lereli snd Trauiits. 

(See page 45 of Manual.) 

Code Word Entroba for use with Transit No. 4 . . . . $20.00 

• • Digitized 5y Gog J^-^^ 



£pilobiuin for all other sizes 
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Codeword • • Oakadum. 

Spirit-Iievel on Metal Base. 

Ground Spirit-Level, one division of level about 20 sec. of arc ; mounted on 
8-incli metal bajse, provided with a handle. Level adjustable. In case. 

Price, $14.00 

These levels are extensively nsed in machine shops for leveling up and testing 
fine machinery^ etc., also used for leveling: up apparatus In observatories, physical and 
chemical laboratories, and for settings weirs, etc. 



Code Word 




Oaki^f^ia. 



Locke's Hand-Level. 

Brass ornickel-plated. Incase Price $8.00 

Nora.— This consists of a brass tube 6 inches lone, with a small level mounted on its top to the left of its 
center near the object end. Underneath the level is a horizontal wire stretched upon a frame. This frame is 
made adjustable bjr a screw and a spring working against each other, or by two opposing screws placed at the ends 
of the level mounting. In the tube direcUv below the level is placed a totally reflecting prism, acting as a mirror 
set at an an^el of 45^ to line of sight. The images of the bubble and wire are thus reflected to the eye. 
The prism divides the aperture in two halves, in one of which is seen the bubble and wire focussed sharply by 
a convex lens {daced in the draw tube, while the other permits of an open view. Putting the instrument to 
the eye and raising and lowering the object-end until the bubble is bisected, natural objects can be seen through 
the open half at the same time, and approximate levels can then be taken. To prevent dust and dampness 
from entering the main tube, both the object and the eye ends are closed up with plain glasses. In preliminary 
woricttus is a very useful instrument. 




Hand-Level and Clinometer. 
Abney Level and Clinometer. 



Price $14.00. 



NoTK, — This instrument is similar to the Locke's hand-level, but the small spirit level mounted on top 
can be moved in the vertical plane and clamped to a dial graduated in single degrees, thus the angles of slopes, 
etc., can be measured also. 

Code Word . . . Oleander. 
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Tripods for the Engineers' and Surveyors' Transits 

and Levels, 

For description see page 7; for prices and weights, if extra ones are desired, see 
preceding page. 
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C. li. B£B0E:B & SONS. BOSTON 

Boad Builder's 
\ 2" MONITOR TYPE DUMPY LEVEL. 





A sturdy, compact instrument of smaller size and less weis^lit than our 
14>^" Monitor Type Dumpy Ijevel. 

This instrument has been designed by us to meet a growing want for the high- 
way as well as for the Drainage Engineer. The degree of accuracy obtained with 
it is commensurate with the work required. The telescope is erecting and has 
lenses of perfect definition with a large flat field of view and is balanced from the 
center with sunshade attached. The eye-piece cap is large in diameter and made so 
that it affords a protection to the observer's eye in a glaring sun. It haS been com- 
bined with a dust-guard which fully protects the eye-piece focussing slide. 

The spirit level is very sensitive and is mounted on top of the telescope. It is 
protected by a revolvable tube to act as a guard to prevent breakage when not in use. 

The leveling head is of a single casting of improved form, so that the center will 
not bind in the socket from any strain exerted by the four leveling screws which lat- 
ter are protected from injury and dust. 

We have adopted for this level our standard long stout center with which all of 
our instruments have been identified, thuS adding tO its Stability. 

This level will withstand rough treatment. The adjustments are few,* — when 
once made they are lasting— and above all the instrument is dependable at all times 
and free from any tremor even in a strong wind. Its rounded forms, together with 
the fine, dark and durable wear resisting leather finish applied to the exterior 
surfaces, appeal to anyone in sympathy with advanced instrument design. 

SPECIFICATIONS : - 
Telescope Erecting: 12 inches long, aperture l}i\ power 24 dia. Focuss- 
ing slide very long and provided with a dust guard. 
Eye-piece with large flat field of view, provided with an improved screw 

arrangement permitting to focus the wires by simply turning its head slightly 

to right or left. 
Spirit Level 5>4 inches long between centers of suspending arms. The spirit 

level is very sensitive and accurately ground to a true curvature and barrel 

shape. 
Center of hard bell metal. 

Mahogany box provided with strap, lock, and hooks, contains sunshade 

wrench, screwdriver and adjusting pins. 

Weight of Instrument 7 lbs. Weight of tripod about 9 lbs. 

Gross weight of instrument securely packed for shipment in two boxes about 

35 lbs. 
Code word: Oleaster, Price as above $75.00 

Extras to 12" Monitor Type Dumpy Level. 

Stadia Wires fixed in ratio 1 : 100 ss.oo 

Gossamer water-proof bag to protect the instrument in case of rain or dust i.oo 

Bottle of fine watch-oil to lubricate the lever center . . . ^-.^ .gts 

: DiaitizedbvCjOOOlC 

* — The above instrument, being of the Dumpy level type, has to be adjusted by t.he two peg 
method as described in our manual (p. 63) lor the Dumpy Level. 
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C. li. BBBGER & SONS. BOSTON 

1 41 ff MONITOR TYPE DUMPY LEVEL. 

J. ^2 Tubular Bar 

A sturdy, compact instrument of precision. For use in the Army, about For- 
tifications, in Cities, Construction of Hig^hi^ays, Railroads, Tunnels, Mines, 
and about Factories, etc., wtiere a smaller size and less weig^ht is desirable. 

In answer to many inquiries for a Dumpy Level to take the place of the frail 
and often badly designed 14 inch Wye Levels, commonly found on the market, we 
are offering this most advanced type. 

Tlie Monitor Type Dumpy Level is made to last, its vital parts are 

strongly built in a stubby style. The center flange and tlie clamp and tangent screw are 
carried up very far into the hollow bar thus reducing the height of instrument to the 
tripod head and are protected from rain, dust, grit and injury. AH this hasbeen ac- 
complished without sacrificing the standard long center with which all of our in- 
struments have always been identified, thus adding to the stability of the instrument. 
Thehollowbar is tubular in form and therefore is deflection resisting. A far greater 
amount of rigidity will be found in the Monitor type level bars which are greatly 
superior to those of the older familiar forms of same weight. These bars are not 
affected by temperature changes owing to the free circulation of air through and 
around the bar. 

The telescope tube is made of a single casting and bored out to be truly cylindrical 
(not made of tubing, which is often OVal in form, see page 128). The leveling head 
is also of a single casting of improved form, so tliat the center will not bind in the 
socket from any strain exerted by the four leveling screws. Owing tO the peculiar 

construction of the socket the center-clamp screw^ cannot exert any pressure upon 
the center after the instrument is clamped to the socket, thus leaving the bubble 
undisturbed. 

This liCvel will withstand all kinds of roitgh treatment when transported On mule- 

back, over mountains, impassable roads or through the wilderness. The adjustments 
are few, — when once made they are lasting — and above all the instrument is de- 
pendal>]e at all times and free from any tremor even in a strong wind. Its rounded 
forms, together with the fine, dark and durable wear resisting leather finish applied 
to the exterior surfaces, appeal to anyone in sympathy with advanced instrument 
design. The telescope is erecting. 

SPECIFICATIONS:— 

Telescope Erecting: 14>^ inches long, aperature 1^, power 30 dia. 

Focussing slide very long and provided with our collapsible dust guard, see 
page 128. 

Eye-piece yjvith. large flat field of view, provided w^ith an improved screw^ 
arrangement permitting to focus the wires by simply turning its head slight- 
ly to right or left. Tlie eye-piece cap is large in diameter and made so that it 
affords a protection to the observer's eye in a glaring snn. It haS been Combined 

with a dust-guard which fully protects the eye-piece focussing slide. 
Spirit Level O inches long between centers of suspending arms. The spirit 

level is very sensitive and accurately ground to a true curvature and barrel 

shape. 
Center of hard bell metal. 
Clamp and Tang:ent Screw. 

Mahogany box provided with strap, lock, and hooks, containing sunshade, 

wrench, screwdriver and adjusting pins. 

Weight of instrument 9>^ lbs. Weight of tripod about 9 lbs. 

Gross weight of instrument securely packed for shipment in two boxes about 

40 lbs. 
Code word : Alodol Price as above $115 

Extras to 14^ inch Monitor Type Dumpy Ijevel. 

Stadia Wires fixed in ratio 1 : 100 »3.oo 

Steel Center running in a cast iron socket to insure freest motion with 

perfect fit 10.00 

Fine mirror mounted in case with universal joint. (This is readily at- 
tachable to either side of the instrument and facilitates the reading 
of the bubble on soft ground without stepping aside) . . . 10.00 
Gossamer water-proof bag to protect the instrument in case of rain or dust 1.00 
Bottle of fine watch-oil to lubricate the lever center .... .36 



\ 5" MONITOR TYPE DUMPY LEVEL. 

Invertini? Telescope, Aperture, Power and Price same as above, f^r descrii)^ 
tion and cut see pages 126-127. (Code word: Abardo.) Digitized by VjOOv iL 
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Code Words for 14>^ inch Dumpy Levels. 

14)^ inch erecting telescope ........ 

14:}4 inch erecting telescope with fixed Stadia wires 
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C. li. B£BGER & SONS. 

15" AND 17|" MONITOR TYPE DUMPY LEVEL. 

An instrument of great precision, superior to any Wye Level of samfl aperture, 
power of telescope, and same sensitiveness of spirit-level. The best instrument for 
nse in distant Lands and rough country on account of its great compactness, 
simplicity, strength to withstand rough treatment, permanency of adjust- 
ments, and steadiness in a strong wind, requiring but ordinary attention and 
care to Iteep in worldng order. For a fuller description, see page 128. 

This new type of Dumpy L«vei With round, hoUow, and very long cross-bar, must 
be considered the most perfect in this line. It stands low on the tripod, and its fine 
spirit-level, being placed in the hollow cross-bar, below the telescope, can be read from 
either side, and is entirely protected from accident and liability to derangement of ad- 
justments, also from the disturbing influences of the heat of the sun, touch of fingers, 
breath, etc. — These latter conditions are not fulfilled in instruments where the level is 
placed on top or at the side of the telescope, and are frequently causes of the incorrect 
reading of the buM)le. — This instrument is of very strong build, combined with a mini- 
mum Of weight, and as it consists of a fewer number of pieces than the Wye Level, is 
less liable to derangement in case of accident. The adjustment once properly made by 
the two peg method (see adjustment of Dumpy Level, page 63) is apt to stay so for 
years, thus removing one of the chief objections as compared with those of a Wye 
Level. In making the adjustment of this Dumpy Level the engineer does not depend 
so much on mechanical perfection, as on his own superior skill and sense of accuracy. 

To meet an argent demand this type of Dumpy Level is now provided with a 
damp and tangent screw to enable. In a strong wind, to keep the telescope upon an 
object, and, although it raises the price, it will prove an invaluable accessory, well 
worth the extra cost. This instrument is leather-finished. 

The telescope can be inverting or erecting; see cuts on pages 127 and 129. 
The objective In either case will have the same aperture. 

We recommend this instrument highly for all work of a high character, such as 
bench leveling, waJter-works, railroad construction, also for reconnoissance. 

SPECIFICATIONS : — 



rp^l^a^ftwv^ i Inverting 15 inch long, aperture 1^, po 
^®*®*^"*^*' I Erecting: 17 K inch long, aperture l>i. 



, power 28 dia. 
power 32 dia. 
Focussing slide very long and provided with a dust guard when run out for sights 
as near as about 12 feet. 
Eye-piece with large flat field of view, provided with an improved serene 
arrangement permitting to focus the wires by simply turning its head slightly 
to right or left. 
Spirit Level lyi inches long between centers of suspending arm& The spirit 
level is very sensitive and accurately ground to a true curvature and barrel shape. 
Center of hard bell metal is cast in one piece with the hollow cross bar. 
Clamp and Tangent Screw 

Mahogany box provided with strap, lock, and hooks, containing sunshade, wrench, 
screwdriver and adjusting pins. 

Weight of instrument 10 lbs. Weight of tripod about 10 lbs. 
Gross weight of instrument securely packed for shipment in two boxes about 50 lbs. 
Code word: 15 inch inverting telescope Abardo _ , ^^ - ^ 

'* " 17Ji" erecting " Acnia Price, each a« above. $115 

(For Code Words of Extras below, see page B of complete code at back.) 

Extras to 16" and 17V&" Dumpy Levels. 

stadia Wires fixed in ratio 1: 100 $3.00 

Steel Center running in a cast iron socket to insiure freest motion with 

perfect fit, see page 134. (Made to order only.) lO.OO 

For quick leveling attachment see page 118. .... 15*00 

Fine mirror mounted in case with universal joint. (This is readily attach- 
able to either side of the instrument and facilitates the reading of the 
bubble on soft ground without stepping aside) 10*00 

Gossamer water-proof bag, to protect the instrument in case of rain or dust l.OO 

Bottle of fine watch-oil to lubricate the level center .35 

A detachable Vernier Compass, with variation setoff E & W and with 3$^ 
inch needle, can be mounted on top of these Dumpy Levels at an extra expense 
of •16.00. Made to order only. Digitized by GoOgk 
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Code Words for I>umpy Levels. 

16-incIl Inverting: Telescope . . ..... Abardo 

l/v-inoh Invertingr Telescope with fixed stadia wires Abella 

(For Extras and changes from Abardo and Abello see page B of complete code at back .) 
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Monitor Type Dumpy LeveL 

Additional Information pertainins^ to its mechanical Construction. 

From the illustrations, pages 127, 129, it will be seen that the mechanical parts of 
this Dumpy Level are few and can easily be made to be mechanically correct, and that 
there are no working strains whatever in the metal to exert an undue influence upon the 
adjustments with changes of temperature. 

The telescope barrel and both uprights are cast in one piece of hard compoation 
metal; and in order to arrive at a high degree of accuracy the barrel is bored out to be 
truly cyUndrical, a condition never attaint by the use of drawn tube. (For reasons 
mentioned later both ends of the outside tube are slightly larger in diameter, forming 
collars turned trulv concentric to the bore, serving in principle the same object as collars 
of a Wye Level telescope.) This being accomplished, the bottom surface of the uprights 
is turned truly parallel to the bore. The strongly-ribbed cross-bar and instrument center 
are cast in one piece of hard bell-metal. At the time when the center about which the 
instrument revolves is fitted to its socket, the resting-places for the uprights are also turned 
off so as to be truly at right angles to it, from which follows that the geometrical axis of 
the telescope barrel when latter is placed upon them must also be at right angles to the 
center. The level casing, too, is a casting. The spirit-level itself is fastened into this cas- 
ing by a superior method to preclude any strain, so that its true form may "be preserved. 
The focusing slide is the only tube made of brass, turned and closely fitted in the lathe. 

In adjusting this instrument in the shop it is treated like a Wye Level. The collars 
at the end of the telescope barrel serve to adjust the cross-wires for collimation by revol- 
ving the telescope in wyes. When this is accomplished the telescope barrel with its attached 
level is then firmly screwed to the cross-bar. The next step in the shop is to adjust the spirit- 
level to the line of collimation as described elsewhere. This being done, the adjuster 
in the shop now proves whether the geometric and optical axes of the telescope are really 
in the horizontal plane by revolving the instrument 180° on its center; shoula the bubble 
remain in the middle of its tube it must be assumed that it is; however, if not, he touches 
one of the uprights off until it does. As a rule the mechanical work is so correct that 
the geomietric and optic axes coincide within a few division marks of the graduated level, 
requiring but a very few strokes with a fine file for final adjustment. 

From the foregoing it will be seen that a leveling instrument so constructed, barring 
severe accidents, must hold its adjustments for years, and that all subsequent verifications 
of the line of collimation in the field by the two peg method must be made by the Engi- 
neer by slightly moving the cross-Avires, and that the adjustment of the spirit-level is 
to be made in the customary manner by simply turning the instrument 180° on its center. 
An instrument so constructed needs but little care and therefore is better adapted to 
rough usage (to which it is subject at times) since its simplicity ensures greater free- 
dom from derangement. 

The Dumpy Level described above must stand as an example of good practice. 
Many Engineers prefer it to an ordinary Wye Level. The prevailing mistrust can 
generally be traced to the use of cheap commercial Dumpy Letrels. The above infor- 
mation as to the method of construction in the shop has been given at great detail to «how 
that this instrument may well rank with the best wye levels. 

(For Price of this Instrument and Extras see page 126. ) 

Berber's Collapsible Dust Guard 

This feature as shown below is furnished with the 14, 15 and X7}4 i»ch Monitor 
Type Dumpy Levels and protects the telescope's focussing slides almost com- 
pletely from grit and water within their entire range. 
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Code Words for Dumpy Levels, 

17 >^ -inch erecting telescope Acilla 

17^ -inch erecting telescope with fixed Stadia wires . . . . Actus 

(For Extras and changes from Acnia and Actus see page B of complete code at back.) 
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n The Berger 

MONITOR TYPE WYE LEVEL. 



A combination of our Dumpy and Wye Levels^ see pages 126-135. 
For close bench leveling^ and construction work 
-whether used on the surface or underg^rOUIld.* 
Essential features :- Compactness with great strength as exemplified in our 
Dumpy Level, to resist severe treatment in rough country work. Protection of 
spirit-level and collars, thereby securing increased accuracy, efficiency and 
greater permanency of adjustment. 

In this new type of instrument the adjustment of the line of coliimation of the tele- 
scope and telescope level is made in the same manner as that in the regular Wye 
Level, but to prevent the wear on the collars and to secure compactness, it 
differs from that insofar as the telescope can only be revolved in the wyes about 
20 to 30® to permit of the lateral adjustment of the spirit-level, so as to reduce the 
wear on the collars to a minimum. The line of coliimation of the telescope needs 
to be verified only at times by lifting the latter out of its wyes after bi-secting a 
point and then replacing it with the telescope rotated ISO**, to have level now up 
thereby securing the same condition as where the telescope is revolvable in the 
wyes. — It is a well-known fact that the wear on the collars where the telescope is 
revolvable is often so marked that their equality of diameter and true form can- 
not be depended on, and therefore, while the instrument apparently is in adjust- 
ment it may be very much out. The only course left open in such a case is to treat 
the instrument like a Dumpy level and to adjust the level to the telescope by the 
two-peg method. 

The Spirit-level guarded by the telescope and by a double casing formed as it were 
by the protection at the sides raises it to the standard of a glass-protected level 
vial shown in the Precise Levels described later on, but without the detriment com- 
mon to the latter devices when films settling on the inaccessible vial and inner 
surfaces of such a protecting glass cover impair the reading of the bubble. To fully 
protect this level vial from sun and rain at times, or in underground work from 
smoke and gases a thin piece of transparent celluloid over the exposed part of the 
vial and held in place by the sides of the cross-bar, will accomplish the same end, 
and it can be cleaned and renewed at will, thus securing to this instrument and its 
spirit-level all the advantages possessed by our precise levels, at a very low cost. 
Size, power and all other particulars are like those of our regular 18'' Engineer's 
Wye Level, page 134, but it is almost entirely finished in our superior and dura- 
able leather finish, securing permanency of adjustment and presenting a very fine 
external appearance. 

SPECIFICATIONS : — 
Telescope. Objects erect, aperture 1 ^ inch, power 35 dia. Focussing slide, 

very long and fully protected by dust guard. Collars hard bell metal. 
Eye-piece with lai^e flat field of view, provided with an improved screw arrange- 
ment permitting to focus the wires by simply turning its head slightly to right or 
left. Line of coliimation correct for all distances. Telescope balanced each 
way from center when f ocussed for a mean distance with simshade attached, to 
secure highest accuracy attainable. Stop provided so that the cross wires will 
always be horizontal and vertical in instrument. 
Spirit-Level S^ inch (between centers of supporting arms) level vial accurately 

ground to a true curvature and barrel shape. 
Center hard bell metal (very large in dia. and long, strong and unyielding). 
Mahogany box provided with strap, lock, and hooks, contains sunshade, wrench, 
screwdriver and adjusting pin. 

Weight of instrument 11 lbs. Weight of tripod about 10 lbs. 
Gross weight, securely packed for shipment in two boxes, about 66 lbs. 

Code word, Acway Price, as above, 140.00 

Extras to Monitor Type Wye Levels. 

Steel center running in a socket of cast iron, to insure freest motion with perfect fit S15.00 

Stadia wires, fixed 3.00 

Short focus lens (see pages 101, 203), one $8.50 . . . per pair 16.00 
Fine mirror with universal joint readily attachable to either side of the 

instrument, facilitating the reading of the bubble without stepping aside icoo 

Gossamer water-proof hood, to protect instrument from rain or dust . l.oo 

Bottle of fine watch-oil to lubricate the level center .3« 
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'2 MONITOR TYPE WYE LEVEL. 

Aperture 1^ inch, Power 38 dia. 

Code word, Aczell Price, as described a^o^ $145.00 
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Code Words for Monitor Type Wye Levels 

18 IDCh erecting^ telescope enumerated page 130 Ac way 

20^ inch erecting telescope Aczell 
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n MONITOR TYPE WYE LEVEL. 

Tubular Bar 



The correct aligrnments and the handv arrangement of all operating: parts make 
this type of level a profitable investment in any Kngineering Department. Designed, 
built and inspected -with typical Berger thoroug^hness, it can be depended upon to 
produce accurate -work through years of constant service. 

A close inspection of the illustration will reveal a Wye level of a different de- 
sign embodying many of the features of our standard types. The telescope is sup- 
ported most rigidly in the two Wyes, which are mounted unusually low on a Bar 
which is Tubular in form and practically " flexture resisting." This form of Bar 

permits an entire Rotation of the telescope in its Wyes as in our Eng^ineers 18* and 14* 
Wye Levels, Pages 134—136. Owing to its peculiar construction the clamp and a good 
part of the spindle and its socket are concealed within this Bar which not only pro- 
tects these parts from serious injury but keeps out grit and other foreign matter. 
This instrument has been reduced in height noticeably which gives it an appearance 
of great compactness. The Bar is designed so that air-currents which are constantly 
changing in temperature may pass freely through the top and around the Bar. AH this 
has been done without changing the original length of the spindle which has iden- 
tified all Berger instruments since 1871, for their wonderful steadiness and freedom 
from tremor in a high wind. 

The levelling socket is very different in design and a vast improvement over 
other makes. It consists of a single piece casting of most peculiar form. The cen- 
ter will not bind in the socket from any strain exerted either by the spindle clamp 
or leveling screws. When instrument is clamped the telescope and its level remain 
absolutely undisturbed owing to its construction— there being a very deep recess 
between the center's pocket and the bearing for the center's clamp. This feature is 
now in universal use on our levels. 

The telescope level is close to the line of coliimation. The eye-piece and object 
slides are dust protected by guards. The cap of the eye-piece is large in diameter 
to protect the observer's eye from the sun. 

The principal parts are treated with our wear resisting leather finish (see 
page 9) which secures a lasting covering to a field instrument and for fine appear- 
ance has no equal. This finish introduced by us in 1907 is in universal favor. 
Some small parts are still lacquered w^hich enhance and bring out more forcibly the 

beauty of its constructional lines. 

SPECIFICATIONS:- 
Telescope. Objects erect, aperture 1 ^ inch, power 35 diiu Focussing slide, 

very long and fully protected by dust guard. Collars hard bell metal. 

Eye-piece with lai^e flat field of view, provided with an improved screw arrange- 
ment permitting to focus the wires by simply turning its head slightly to right or 
left. Line of coliimation correct for all distances. Telescope balanced each 
way from center when f ocussed for a mean distance with sunshade attached, to 
secure highest accuracy attainable. Stop provided so that the cross wires will 
always be horizontal and vertical in instrument. 

Spirit-Level 8^ inch (between centers of supporting arms) level vial accurately 
ground to a true curvature and barrel shape. 

Center hard bell metal (very large in dia. and long, strong and unyielding). 

Clamp and Tangent Screw. 

Mahogany box provided with strap, lock, and hooks, contains sunshade, wrench, 

screwdriver and adjusting pin. 

Weight of instrument 11 lbs. Weight of tripod about 10 lbs. 

Gross weight, securely packedfor shipment in two boxes, about 65 lbs. 

Code word, Adacta Price, as above, 140.00 

Extras to Monitor Type Wye Iievels. 

steel center running in a socket of cast iron, to insure freest motion with perfect fit S15.00 

Stadia wires, fixed 3.00 

Short focus lens (see pages 101, 203), one f 8. 50 . . . pair 16.00 
Fine mirror with universal joint readily attachable to either side of the 

instrument, facilitating the reading of the bubble without stepping aside 10.00 

Gossamer water-proof hood, to protect instrument from rain or dust . l.oo 

Bottle of fine watch-oil to lubricate the level center ^35 
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^2 MONITOR TYPE WYE LEVEL. 

Aperture 1 J^ inch. Power 38 dia. 
Code word, Adulom Price, a« described abore, $14:6|.00 
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Code Words for Monitor Type Wye Levels 

18 inch erecting telescope enumerated page 132 .... 



Adacta 



S0>^ inch erecting telescope .... e ... . Adtlloin 
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" ENGINEERS* WYE LEVEL. 



I.evellng^ Instrument of Precision. 
For Fine Bench iLeTeling, Water-works, Railroad Construction, etc. 

Instmment has the strong*, hoUoTV and long cross-bar, introduced by us in 
1871, mounted upon which are the wyes supported by adjusting nuts of large diameter, 
which, together with the long center also of larp'e diameter, gives the necessary 
stability to withstand rough treatment. To secure compactness the telescope and 
level tube are close together (to protect latter from sun and rain), and, as both are 
close to the cross-bar, the instrument is steady in a strong wind. To ensure perma- 
nency of adjustment, the telescope and level mounting tube have our leather finish (see 
page 11), which treatment enables us to combine many parts into one, that would have 
to be screwed together, thereby securing not only great rigidity, but reducing to a min- 
imum the effect of sudden changes of temperature, and affording, a degree of satis- 
faction in the field, secured in no other way. This finish presents a fine appearance and 
is more durable than a metal finish. As much depends upon the sensitiveness of the 
spirit level we select this for the character of the field work, and, therefore, it ranges 
in value in this style of instrument from 10 to 20 seconds of arc to one tenth of one inch 
of scale. 

SPECIFICATIONS: 
Telescope. Objects erect, aperture I ^ inch, power 35 dia. Focussing slide* 
very long and protected by dust guard. Collars hard bell metal and of large 
diameter. 
Eye-piece with large flat field of view, provided with an improved screw arrange- 
ment permitting to focus the wires by simply turning its head slightly to right or 
left. Line of coUimation correct for all distances. Telescope balanced each 
way from center when focussed for a mean distance with sunshade attached, to 
secure highest accuracy attainable. Stop provided so that the cross wires wUl 
always be horizontal and vertical in instrument. 
Spirit- Level SH inch (between centers of supporting arms) level vial accurately 

ground to a true curvature and barrel shape. 
Center hard bell metal (very large in dia. and long, strong and unyielding). 

Mahogany box, provided with strap, lock, and hooks, contains sunshade, wrench, 

screwdriver and adjusting pin. 

Weight of instrument, 11 lbs. Weight of tripod, about 10 lbs. 

Gross weight, securely packed for shipment in two boxes, about 66 lbs. 

Code word Adlumia. Price, as above, $140.00 

Extras to Engineers' 18" Wye Iievel. 

steel center running in a socket of cast iron, to insure freest motion with 

perfect fit. (See cut on opposite page) SI6.00 

Stadia wires, fixed . . 3.00 

Short focus lens (see pages 101, 203), one $8.50 . . . . pair 16.00 
Fine mirror with universal joint readily attachable to either side of the 

instrument, facilitating the reading of the bubble without stepping aside 10.00 
Extra sunshade with smaller aperture, for use with the 18-inch wye level 

when the sun's rays are too bright for accurate work .... 1.50 

Gossamer water-proof hood to protect instrument from rain or dust . . l.oo 

Bottle fine watch oil, to lubricate the level center .36 



14 



" ENGINEERS' WYE LEVEL. 



Its essential features are like those enumerated above, and shown in cut of eigh- 
teen-inch Engineers' Wye Level, with the exception of size and weight. It is de- 
signed for use where a lighter instrumerU is desirable. The Telescope has an 
aperture of 1 ^ inches and a power of 27 diameter. The 5^ inch spirit level 
is very sensitive. The center is of bell metal. Full length, split-leg tripod. 
Weight of instrument, about 9}4 lbs; weight of tripod, 6^ lbs. 
Gross weiglit of instrument, packed securely for shipment in two boxes, about 40 lbs. 

Code word Alyssum. Price, as aboYe-$ 130.00 

■—"■""""" Digitized by V3 
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v)ode Words for Wye Levels. 
18 inch erecting telescope enumerated page 134 (^usual style) ... Adlumia 

14 inch erecting tCAescope AlySSUm 

(Vor ICxtras and changes from AdlnmiA ana JktyuunxKk see page 6 of complete code at back.) 
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18" HYDROGRAPHER'S WYE LEVEL 

Having a three-screw* leveling base with arms of greater radius* * 
(3-inch) to afford maximam stability when exposed to wind pres- 
sure and to better control the spirit level of this instrument. 

The instrument shown on opposite page has the upper part, viz: cross-bar, telescope 
and level exactly similar in size and style to our regular Kngineers' 18" Wye 
Level (page 134) except the telescope which in this uistrument is mostly of the Inverting 
kind. — If an erecting telescope is desired we will be pleased to furnish it, in which 
case the aperture will be the same but the power will be 35 dia. only. — As regards the 
mode of securing the instrument to the tripod by means of the fastener, see cut and de- 
scription, page 46, in article, ** Shifting Center." 

This fastener is very simple and even in the coldest weather easy to manipulate. 
It adds very little to the weight and secures the necessary stability in taking up all 
back lash of the leveling screws after wear. It is better than any other device 
that ive knoiv of to achieve this end. 

The tripod bolts are the same distance* from the center as the leveling screws. 

Made to order only 

SPECIFICATIONS:— 
Telescope; objects inverted, aperture 1 ^ inch, power 40 dia.; focussing slide 

very long and protected by dust guai"d; collars hard bell metal; line of collima- 
tion correct for all distances; telescope balanced each way from center when 
focussed for a mean distance with sunshade attached to secure highest accuracy 
attainable; stop provided so that the cross wires will always be horizontal and 
vertical in instrument. 

Eye-piece perfectly achromatic with large, flat field of vie"w; provided with 
an improved scre"w arrangement permitting to focus the wires by simply turn- 
ing its head to right or left. 

Center of hard bell metal is large in dia., long, strong and unyielding. 

Spirit Level 8^ inches between centers of suspending arms. Sensitiveness is 
8 to 10 seconds of arc for one tenth inch of the scale, (unless otherwise spec- 
ified). 

Mahogany box provided with strap, lock and hooks, contains sunshade, wrench, 
screwdriver and set of adjusting pins. 

Weight of instrument about 12 lbs. Weight of split-leg tripod about 13 lbs. 
Gross Weight securely packed for shipment in two boxes about 60 lbs. 

Code name Andromeda Price as above $158.00 

Extras to Hydrographer's Wye Level, 

stadia wires fixed 93.00 

Steel Center running in a cast iron socket to insure freest motion with per- 
fect fit 16.0O 

Fine mirror mounted in metal frame with universal joint. (This is readily 
attachable to either side of the instmment and facilitates the reading of 
the bubble on soft ground without stepping aside) lo.oo 

Extra sunshade with smaller aperture for use with tlie telescope when the 

sun's rays are too bright for accurate work . . . . . . i.«o 

Gossamer water-proof bag, to protect the instrument in case of rain or 

dust 1.00 

Bottle of fine oil to lubricate the level center 0.36 

Prior to 1888 we have gometimes placed upon this instrument an adjustable wye 

with a micrometer screw arrangement for the pointing of the telescope and setting of the bubble 
independently of the leveling screws. The very marlced wear on the collars at the point of 
contact in the wyes when the telescope is moved in altitude has induced us to abandon this feature. 
A perfect instrument in this line and at the same time entirely free from any change in height when 
the micrometer screw i« extensively used during an extended leveling operation is our Engfineers* 
Precise Level, page 139. This latter instrument is capable of the most precise work and is offered 
at a price so very low that it should be included In the instrument equipment for precise leveling 
of any magnitude. 

To prevent a chang^e of heieht, after an appropriate leveling of an instrument with three 
leveling screws, it is advisable to clamp one of the leveling screws by its clamp screw at the side, 
and to level up by the other two screws alone. This should be done in like manner, also, to correct 
lor slight changes in the level caused by the settling of the tripod-legs. 

* Four leveling screws commend themselves in the more ordinary class of instruments for 
the greater rapidity with which an instrument can be leveled up approximately, and that (no mat- 
ter how much the leveling screws may be worn) when brought to a true bearing on the lower level- 
ing plate, all such looseness is taken up. 

»»Note: In some types of leveling instruments mounted on a three-screw leveling base the 
latter is often too small for the length, power, height and weight of the instrument, making it top, 
heavy, thereby rendering it unsteady and unsuitable for close work. ^ - 
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Reversion Level. 

Applieabl* to My ef o«r EagiBMn' Wy« Lt ?•!•• 




The spirit level nsed in this feature differs from the ordinary one in that it is 
groand to the true shape of a barr*»l so that the tangents to the level bubble curves, at the 
zero points of the scales, are parallel and diametrically opposite. By the use of ttiis rever- 
sion level, attachable to any of our Engineers' Wye Levels, in place of the single re^. 
ing level, it is possible to do good leveling, though the adjustments of the spirit level 
and cross wires are entirely deranged and the collars worn (see remark below), by first 
making the level bubb!e central and taking a reading, then by revolving the telescope 
180** in its wyes, which point is indicated by an adjustable stop,* making the bubble 
again central and taking- another reading. The arithmetical mean is the correct result. 

This device will, in an emergency, be appreciated when it is known that by the use 
of the method above the work will average a^ good as that done with an ordinary good 
wye level, in adjustment. The adjustment of an instrument provided with a reversion 
level is made in precisely the same manner as if the spirit level was of the single read- 
ing kind, since the adjustment of the level when it is reversed will take care of itself. 

The reversion level is guarded by a revolvable out^r tube (Patented, not shown in 
cut) leaving a space of air, as a non-conductor of heat between it and the ordinary level 
mounting tube. This exterior tube serves both as a protection against breakage and 
sudden changes of temperature, and, as its inner surface is painted white, it also acts 
as a reflector which facilitates the reading of the bubble. 

Kemark t The inequality of worn collars cannot be eliminated in a strict sense 
by using the reversion level, yet for ordinary good work it may be said to be. Nor caa 
the test for the equality of the collars be directly tested in this way but should be done 
as in the case of the ordinary wye level ; viz., by the two-peg method described under 
the adjustment of the Dumpy Level (pages 63 and 64 of our handbook). The follow- 
ing modification is to be noted: After the line of collimation has been adjusted for dis- 
tant objects by rotating the telescope in its wyes and the spirit level has been adjusted 
1by reversing end for end and adjusted laterally, (the telescope having the sunshade at- 
tached, as it serves to balance the telescope when the object slide is drawn in), the in- 
strument is set up close to the near target, and a reading is taken with the level tube 
in the direct position. In order to eliminate the error of collimation for nearer objects, 
should any exist, another reading is taken with the telescope rotated 180® in the wyes, 
and the mean taken as the true reading. If, now, the horizontal wire also bisects the 
distant target and the bubble remains central in each position of the telescope, the 
collars are of equal diameter. Should the latter not be the case, the error may be cor- 
rected thus : Bisect the distant target with the telescope in its direct position, and adjust 
the level till the bubble is central. Rotate the telescope 180° in its wyes, indicated by 
the Slop, and note the number of divisions through which the bubble moves in order 
that the distant target remains bisected, so that a correction can be made when most 
precise work is required. 

It is assumed tliat in making this test the temperature of the two collars has been 
alike and that the telescope has been in proper balance by being focussed for a distance 
of about 300 feet with sunshade attached. A scratch on the telescope or object slide 
indicates the focus which the maker used in equalizing the collars. An apparent erroi 
found as above may be due to a change in the shape of the level tube which may occur 
in time (for which the maker, of course, cannot be held responsible), as well as to a 
worn condition of collars, or these causes combined. 

In order to trace the error to its source the only sure test is made with a striding 
level. (See Engineer's Precise Level.) 

Price, as above, if ordered with our Wye Level in place of the single reading 
kind $20.00. 

^ It is an extremely difficult matter to erind a level of this kind so that the bubble will remain central at 
all positions during this rotation through i8o^. The stop just mentioned is so adjusted, howerer, hf the maka^ 
that when the level has been turned exactly i8aP it gives a correct reading. 
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C L. BERGER & SONS' ENGINEERS' PRECISE LEVEL. 

Patented. (^For cut see page 141) 
With micrometer screw for dose setting the spirit level. 
Per use In cities in establishing benches, etc., aliio for all work requiring speed and the highest 
degree of accuracy in spirit leTeling. 

It is a well-kDOwn fact that, satisfactory as it may be on account of its great sim- 
plicity and compactness, the ordinary wye level (pp. 134, 135) will fail in degree of ac- 
curacy or in rapidity of manipulation when the closest results are required. It often 
happens when precise work is required, the time spent in leveling up and keeping the 
level bubble of an ordinary good wye level in the center of its graduation by means of 
the four leveling screws is often very considerable and, when the course is over 
swampy or frozen ground, the vexation attending the work is apt to be great and the 
results vitiated by the numerous readjustments required to keep the bubble in its 
place. This manipulating of the leveling screws is very apt to lead to a change in the 
height of the telescope, varying in magnitude according to the style of the instrument 
(It is here to be noted that this change in the height of the telescope is less in our 
levels, or transits with leveling attachments, than is the case with the instruments 
of other makes). 

To aid the Engineer in the prosecution of exact work, avoiding the errors caused 
by the readjustments above referred to, we have designed and are prepared to furnish 
the instrument shown on page 141. 

By referring to the cuts ii will be seen that this instrument is mounted on three 
leveling screws, and that the center about which the instrument revolves is unusually 
long and unyielding. Two small spirit levels attached to arms extending from what 
we may call the cross-bar (since the center of the instrument is permanently secured 
to it as in the ordinary style of levels) serve to put the center in a vertical position, 
thus securing at once a nearly horizontal position to the cross-bar. These small levels 
are adjusted the same as the ordinary piate levels of a transit. 

At the eye end this cross-bar carries a micrometer screw by which the telescope 
and its level can be raised or lowered at will independently of the leveling screws. A 
strong spiral spring on the same side holds the wye-bar down upon the micrometer 
screw. This arrangement provides a most delicate motion up and down, and enables 
one to set the bubble accurately at every sight and in a very much better manner than 
can be done by the leveling screws alone. The head of the micrometer screws is di- 
vided into one hundred parts, and as a rule its pitch will be such that 250 to 252 parts 
of revolution of the screw will make a change of one foot in the reading of the rod held 
at a point 100 feet away from the center of the instrument. It may be seen that the 
instrument can be very advantageously used for makinsj grade measurements. The 
graduated disc, when reading zero on the index-bar, brings the instrument at once 
within one or two divisions of its normal position. The di^c can also be readily turned 
on its hub by taking hold of the milled head (the disc is held on its arbor simply by 
friction), so that, for convenience, a reading may always start from zero, though the 
cross-bar be not leveled up. This instrum*»nt, as above stated, is provided with three 
leveling screws, which give a firm support on the tripod, and allow a clof^er setting of 
the bubble when the instrument is run as an ordinary wye level, without making use 
of the micrometer. (Seep. 44.) 

The Chief Feature of the Instriimentf however, consists in the fact that the 
pivotis * ou which the wye bar can be raised or lowered, are in the middle of the instru- 
ment and within a fraction of an inch of the plane of the line of collimation, thus se- 
curing to the telescope a motion in altitude free from any change in height of the line 
of collimation, though the telescope were to move throughout the entite range of the 
micrometer screw during an extended leveling operation. As a rule, the working range 
of the micrometer will be limited to a few revolutions each way from its normal posi- 
tion in order to keep the instrument as compact as possible. The instrument is also 
arranged so that, whenever desirable, it may be used as an ordinary wye level. For 
this purpose, it is provided, at the object end of the cross-bar, opposite the micrometer 
screw, with a milled-head screw and check nut, by means of which, and by the micro- 
meter screw, wheTv set at zero (see cut), the wye bar may be set exactly at right angles 
to the vertical center. However, for the fine settings of thp bubble in bench leveling 
or pointing of the telescope, etc., the micrometer screw should be used exclusively. 

A clamp and tangent screw motion is also provided and so arranged, that it can 
be reaally reached from the eye end of the telescope. The cross and wye-bars are 
oast hollow and the former fits inside the latter. 

•Note.— It will be noticed that in instruments of a «inilar character, having pivot screws acting in and below 
the wye opposite the micrometer screw, as for instance, in the I). S. Coast Survey geooesic levels, designed 
after Stampfer Tsee Report 1879), ^^Y motion ot the telescope in altitude will also change its height. By an 
injudicious use of the micrometer screw our own hydrographic wye level (see page 104a, catalogues xSSS-iSoijL 
psurtook of this same error, and this togeth'>r with the marked wear on the collars due to this same motion lea 
us to the abandonment of it. We note, however, that other firms who are in the habit of copyiL/ our stylei 
aad patterns have since brought it out as a detail of a precise level 
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The XalMCope will be invariably invtrtinr in order to admit of as \zx%t an aperture and as high a powet 
as is possible, llius : its aperture will be i^ inches, the total length is about 17 inches, and it will have a 
magnifying power of 40 diameters. It will be provided with fixed stadia wires, in the proportion of i to 100, 
the distance to be measured Irom a point in front of the objective equal to its focal length. 

The Spirit Level is of the single reading kind, and is generally made so that one division (of -jV of an 
Inch) equals from 8 to 10 seconds of arc. The sensitiveness of the level will, however, be adapted to the par- 
ticular requirements. It is not necessary, however, to have it any more sensitive than is required for a fine 
field instrument, as an over-sensitive level is apt to give more trouble than benefit in its use. 

A Revereioil Level ot same sensitiveness might be applied instead of the single reading level, if desired, 
as a convenience (see Reversion Level p. 136), when the hignest precision is not needed. Of course in fine work 
the reversion level must be used in the direct position as with a single reading level. However, one will un- 
derstand that a reversion level is very apt to change its true barrel form in time thus becoming wholly 
unreliable, and therefore we do not advise it at all, and particularly not for an instrument of such a fine 
character as this is. 

▲ Hetal Mirror will be furnished with the instrument, attachable to either side of the level, enabling the 
•porator to read the bubble without stepping aside ; a convenience which will be appreciated when working on 
shaky ground. 

Adjust mevt. The adjustment of the telescope and the level must be made precisely as in an ordinary 
wye level. (See adjustment of the wye level, pages 59 and 63 of this hand-book ) The spirit level will be in 
thorough adjustment when the telescope with its sunshade attached is ^ocussed for a distance of about ^00 feet ^ 
when the telescope is in perfect balance and the equality of the collars is assured thereby ; for shorter distances, 
however, there is a small error due to the unbalancing of the telescope caused^ by the object slide being thrown 
out. Small as this error may be it can be entirely eliminated by simply bringing the bubble to the center by 
the use of the micrometer screw. 

Explanation. The foregoing has been written at some length to give a clear understanding of the prin- 
cipal features of this instrument. Naturally, the question may now present itself, why not use a striding level 
alone, in place of the fixed or reversion level, as is done in some of tne best types of instruments, particularly 
as the pivot arms, extending from the middle of the cross-bars, must necessarily be spread quite a distance 
apart, to readily permit the revolution of the telescope with the fixed level in the wyes. To this we may say, 
that a fixed level placed below the telescope, where it is guarded against breakage and, in a measure, from the 
action of the sun, is better adapted to the wants of the Civil Engineer in running quick and accurate levels 
in cities, towns, etc., than a striding level with its more cumbersome features and manipulations would be, 
particularly if the work was to be of the most precise character. 

It is only when the collars of a telescope are badly worn or imperfectly made that the striding level has 
any advantap;e over a fixed one. As a rule a fixed level keeps in better adjustment, is simpler to manipulate 
than the stnding level, and is free from the errors due to the uncertainty of contact of the collars and the wyes. 
Moreover, the construction of the new instrument is such that it has a greater stability than those of previous 
make. We therefore believe that the fixed level has as legitimate a standine as the stridine one. 

For the above and similar reasons the American Engineers have and will give preference to the instru- 
ment which has the level fixed to the telescope; and this has led us to the adoption of this feature in our new 
instruments. This idea is also prevalent among the best instrument makers and engineers in Europe, as may 
be seen by examining Prof. Nagel's published description of a similar instrument. 

Instrument^ Finish, Paclcingr, Weigrlit, etc. The telescope is leather-finish, 
while some of the more bulky parts of the instrument are simply treated either with 
cloth finish or japan, in order to lessen the cost No attempt will be made to give an 
elaborate finish at the expense of accuracy and utility ; altogether, as all the other 
parts will be bronzed and lacquered in a manner customary with us, it will present a 
handsome appearance. This instrument is packed erect in one box in the same man- 
ner as we pack the regular engineer's wye level. It is secured to the tripod in the 
Mime manner as are all of our instruments with three leveling screws. (See page 136 
for description ) 

The mahogany box contains a sunshade, vnrench, screw-driver and adjusting pin. 

Weight of instrument, \\\ pounds; weight of tripod, 10| pounds; weight of ma- 
hogany box, 10| pounds ; gross weight of instrument complete, securely packed in two 
boxes for shipment, 60 lbs. 
Price of tills instrument, inverting telescope, leather-finish, fine 

mirror mounted in case, fixed stadia wires, and a single reading fixed 

spirit-level^ $215.00 

Extras to Engineers' Precise Level 

Center of instrument made of steel, and hardened and running in a socket of 

cast iron, improved style (see cut, page 135), 15.00 

Sunshade with smaller aperture, for use with the telescope when the sun 

rays are too bright for accurate work, 1.00 

Gossamer bag, to protect instrument, .... ... 1.00 

Bottle of fine watch oil for lubricating the centers, etc., 0.35 



t If geodesic work 



such a level, and the bubble 



is to be done, a higher sensibility might be permissable, but our customary fluid would be slugf ish in 
ble tube would have to be filled with pure ether, in order to make it quick acting (see pages 7, w, 3P). 



An air chamber would be necessary to allow for adjustment of 1 he bubble, which in this case changes its length rapidlj foe 
slight changes in temperature. By adding a chamber, a feature is introduced which is liable to affect the reltAUhty of tbc 
H^it level and entail extra expense. 



Code Word. Engineers* Precise i^evei bnt witn Steel centre Arethusa 
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THE GEODETIC LEVEL. 

In response to a request of President T. C. Mendenhall to construct h^r the 
Worcester Polytechnic Institute a Precise Wye Level, the senior member of this firm 
in 1896 designed and made the type shown on next page. 

The leading features are great compactness, rigidity, simplicity of design, ease of 
manipulation, and thorough adaptation of every part to its purpose. In order to lessen 
the height above the tripod, the weight of the instrument and the surfaces exposed to 
wind pressure, this particular form of cradle bar has been adopted ; and, while this 
reduction might have been carried to a greater extent by placing the vertical revolving 
center inside the tripod head, it was thought not advisable, as sometimes it is desirable 
to set the instrument on the leveling screws when detached from the tripod. 

As will be seen, the improved tripod is of a very stiff form, which is necessary 
where telescopes of great power and highly sensitive spirit levels are used. To eliminate 
the effect of unequal expansion, the telescope collars are of smallest possible diameter 
compatible with the diameter of the object glass, and at first were of hardened steel 
resting on agates at point of contact in wyes. The striding level adopted in place of 
the fixed level is of tubular form and has very short legs. To still further reduce the 
effect of unequal expansion, the substructure, such as cradle bar, fixed bar and other 
parts, below the agates at point of contact in wyes in this instrument, consisted of steel 
and iron. Subsequently, however, as the danger of rusting in the field became very 
apparent, the use of steel and iron was not thought to be as important in portable field 
instruments when used on tripods as in the stationary astronomical instruments : there- 
fore we are making the substructure of our customary hard gun-metal, and shall so 
furnish them, unless ordered to be of steel, in which case the instrument will have to 
be specially made. (See below.) The same may be said of the hardened steel collars. 
Unless ordered otherwise the collars will be made of hardest bell-metal. 

All the parts that must be handled during a field operation are protected by a 
shield of a non-heat-conducting material. By means of a micrometer screw the telescope 
can be moved in the vertical plane around the center in the middle of the instrument 
in order not to disturb the height of the intrument. 

The striding level has a bubble tube reading to 3" of arc and is provided with an 
air chamber. Mounted above it is a mirror to enable the observer to read the bubble 
without stepping aside. Provision is made to readily lock the striding level to the 
cradle bar, to enable one to use the instrument like an ordinary Wye Level (with level 
fixed to the telescope) ; and to carry the instrument on its tripod from station to station. 
An arrangement is also provided by which the striding level upon reversing will always 
find its proper plane on the collars, so as to require but very little attention on the part 
of the operator. By means of a clamp screw opposite the micrometer screw the cradle 
bar can be secured so that the instrunlents can be used for ordinary wye level work. 

Two auxiliary levels placed at right angles serve to level up approximately ; after 
which the final setting of the striding level is done by the micrometer screw attached 
to the fixed bar. The vertical center is of hardened steel and runs in a socket of cast 
iron. All the main parts are either cloth finished or japanned. The beautiful appear- 
ance of the instrument does not depend upon the external finishing and polishing of 
parts, but entirely upon the harmony, simplicity and excellence with which the essential 
features of the instrument are designed. 

For a detailed description of the instrument we refer to a paper read by Mr. David 
Molitor before the Am. Soc. of C. E. (See Proceedings 1899-1900.) 

The telescope is invertingr^ with an object glass of lj4", focal length of 17", 
and a power of 40 diameters. It is provided with the usual cross and stadia wires. 
Instrument packs in pine wood box, which contains a sunshade, screw driver, adjusting 
pin and gossamer bag. 

Weight of instrument ....... 14 lbs. 

Weight of tripod ....... 15 lbs. 

Gross weight of instrument packed securely for shipment in two boxes 75 lbs. 
Price as aboTe» of brass and bell metal collars, . . ... $280.00 

Price of instrument, substructure of steel, as above, extra, . . 25.00 

Price of instrument 9 collars of telescope of hardened steel, extra, . 25*00 



Code Word for «eodetio i«ev«i of brass and bell metal collars __ 
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COAST SURVEY PRECISE LEVEL 

The demand for a level whereby the utmost precision possible in leveling may be ob- 
tained comes from many sources in work where the absolutely correct determination 
of the relative height of a line of benches is sought. 

The Coast Survey Precise Level, illustrated by accompanying cuts, is designed to 
meet this demand ; and it is probably the most perfect instrument made of the dumpy 
level type. 

The essential feature which gives value to this instrument is the fixed adjustment be- 
tween the line of collimation and the level by the use of nickel iron, with coefficient of 
expansion of 0.000004 per degree Centigrade, in combination with nickel steel, with 
coefficient of expansion of 0.000001 per degree Centigrade ; and the location of the level 
partially within the telescope and as near as possible to the line of collimation. 

The instrument is so made that the line of collimation is adjusted by the maker once 
and for all as in our Dumpy Level, by revolving the telescope in auxiliary wyes on 
rings turned concentric with the bore of the telescope tube. If it becomes necessary 
to replace broken wires in the field, the reticule must be removed, wires and reticule 
then replaced in the telescope, and adjusted for collimation by its capstan-headed 
screws and the two-peg method. This latter operation assumes that the position of 
the spirit level in relation to the telescope has not been disturbed, and that its adjust- 
ment is still perfect or nearly so. 

An important feature of the instrument is the prismatic reading attachment for the 
level bubble, whereby the observer reads with one eye the rod and with the other eye 
the level simultaneously without change of position. 

With short sights the instrument permits great accuracy and quick action in skilled 
hands. 

Standing erect, the observer takes the back sight by reading the three horizontal 
wires on the * 'self-reading" rod, and then again the middle wire as a check, each of the 
readings being made with the bubble set to the normal by means of the vertical fine 
motion screw. Swinging the telescope round to the forward rod, he repeats this pro- 
cess for the foresight . The records of the Coast and Geodetic Survey show that the time 
of occupying one station is somewhat less than 5 minutes. In the season of 1911 one 
of the engineers of the Survey ran 14.86 miles single or 11.647 kilometers completed 
(back and forth) line in one day of 7 hours 30 minutes actual work. None of this level- 
ing required re-running, all of it closing within the error of tolerance, i. e., 4 mm -^k~ 
in which K stands for the distance expressed in kilometers. * 

In constructing this instrument we follow absolutely the Coast Survey specifica- 
tions, using nickel-iron and nickel-steel as called for, thus insui'ing a rigid maintenance 
of the adjustment of instrument under marked changes of temperature. 

This level is guaranteed to pass the Coast Survey's inspection. 

For details of construction and use, see Transactions of the American Society of 
Civil Engineers, June, 1901, pp. 127-175; U. S. Coast and Geodetic Survey Report for 
1902, Appendix No. 4, and Report for 1900, Appendix No. 6. 

SPECIFICATIONS: — 

Telescope, inverting, length 17 inches, aperture 1^^^, power about 

40 diameters. 
Level to telescope, length 6^ inches, chambered, graduated in 2 mm 

divisions — each sensitive to 2'^ of arc. 
Stadia wires, ratio 30 cm to 100 meters. 
Micrometer screw, 100 revolutions to 1 inch; head divided into 100 parts. 

A cam is provided for lifting telescope from micrometer screw 

when not in use. 

Weight of tripod, about 19 lbs. ; in packing box about 50 lbs. 
Weight of instrument, about 14 lbs. ; in instrument box about 30 lbs. 
Gross weight of level packed securely in two boxes for shipment, about 
120 lbs. 

Code word. Aster. Price $375.00 
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PLANE TABLE 

This instniment, as shown in cut on opposite page, has been designed to fill a want 
where a hig^h class of work in topography is required. It is made in two sizes. The 
alidade is built strong and light. The ruler is of brass. Other parts are of alumi- 
num, or brass, as best serving the purpose. The telescope is well lighted, powerful, 
and of greater length than usual, the latter enabling the observer to readily sight 
at an object when the alidade is some distance from the edge of the board. The ruler 
is provided with two fixed levels and is so arranged that lines can be ruled in the 
vertical plane of the telescope, if desired. 

To obtain great rigidity and strength, the diameter of the bearing surface of the lower 
motion in both sizes is larger than usual and the board rests on radial arms extending 
considerably beyond this bearing surface. The trjpod head is of corresponding size. 
To be portable, all the essential parts are built on the skeleton plan. To avoid a loosen- 
ing of the leveling screw fastenings so often experienced where the latter are fitted 
into tripod heads made of wood, we make this head of composition brass, or of alu- 
minum, and to prevent all wabbling of the leveling screws when worn, these latter are 
also provided with check nuts. Materials and worlLmanship are of the best. 

SPECIFICATIONS: — 
Alidade. Length of ruler 22 inches. 

Telescope. Inverting. Aperture 1^ inches. Length 16 inches. Power 86 dia. 

(For adjusting the line of collimation, the .telescope can be revolved 
180<> on its longitudinal axis. 

Stadia wires. Ratio 1 : 100. 

Vertical arc. 4 J^ inches, graduated on solid silver, double verniers reading to 

minutes. — The vernier arm is provided with a level on top for a 

ready control of zero of verniers. 

Stridingr level. 6 inches over all. 
Compass needle. 4X inches. 
Lower motioiiy (usual size) with tangent screw (for boards 24 X 30 in. or 22 X 

24 in.) Spread of arms from center 4^ inches. 

Weight of Alidade with brass ruler, .... 

" " Lower motion, usual size, with arms 4>^ inches, 

« " Tripod, 

" " Board, 

*^ " Alidade and accessories in mahogany box, 

" " Lower motion in special box, with legs detached, 

" '* Board in canvas case, 

Gross weight of instrument packed in four boxes ready for shipment, 100 " 

Price of Plane Table as above, and as in cut, including one board 
24 X 30 inches, detached compass, screw-driver, clamps, reading 
glass, plumb-bob, (board and tripod packed in pine wood ship- 
ping cases, alidade with attachments in mahogany box, lower 
motion in pine wood box) $300*00 

Price of Alidade alone, as above, with striding level, detach- 
able compass, etc. , in mahogany box, but without board and lower 
motion and tripod, $200.00 

Price of Interchangeable Micrometer 

Code Word— Atl us. Made to order only. $50.00 

Price of Canvas Case for board . . . . . $2.00 

Note : LiOl^er motion as above, but with a bearing surface 8 inches in diameter, 
having arms extending to 6 in. from the center, can be supplied for regular or larger 
boards, iu place of the one specified above. Weight about 11 lbs. 

Price extra, $10.00 

To meet a want where greater portability and lightness are thought to be more ad- 
vantageous than greater rigidity and consequent accuracy, we are prepared to furnish 
in place of the above described lower motion of the Plane Table (shown in the accom- 
panying cut) one of the Johnson type and character. A description of this may be 
omitted here, since it is described in any of the modern text-books on Plane Table 
Work. Suffice it to say that this motion is operated in a manner similar to that de- 
scribed under our Quick Leveling Attachment (see pages 45 and 118) of which it is an 
inverted adaptation, but is of greater size, range and steadiness. 

This movement, with legs all complete, weighs only from 9 to 10 lbs. 

Price of Johnson's Improved Plane Table Movement, OOQIC 
mounted on large tripod $45*00 
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ENGINEERS' AND SURVEYORS' TRANSIT. 



This instrument is designed for engineering work of a higli class, such as is required 
in bridge building, water- works, and for city and land surveying. The size of the cir- 
cle is such that it may be graduated to read to 30^^ or 20^^ without fatigue to the eye. 
The telescope is of the best definition, and has a large aperture with perfectly flat field. 
Tlie eye-piece is achromatic, and gives a large field with plenty of light. We advise 
our customers to order solid silver graduations for this instrument. Silvered g^;udua- 
tions are made to oixier only, being of rare inquiry. 

Transits size No. 1 — No. Ic. 

Specifications : — Horizontal Circle 

6^ in. (edge of graduation), double opposite verniers read to minutes, two rows of 
figures in opposite directions from 0° to 360°, figures on limb and verniers inclined in the 
direction they should be read, verniers protected with fine plate glass, and provided with 
glass shades, grraduations silvered; long compound centers with heavj flanges; 
edge-bar* inagrnetic needle 4^ in«; spring tangent screws; fine telescope 
11>^ inches long, objects erect, aperture 1^ inches, power of telescope 24diam. (well 
adapted for stadia work), eye piece provided with an improved screw arrangement for 
accurately focussing the cross-wires, telescope perfectly balanced reverses at both ends, 
line of collimation correct for all distances, protection to object-slide, adjustment for ver- 
tical plane of telescope ; spirit levels of standard length, ground and exti-a sensitive ; 
shifting center to set the instniment exactly over or under a given point ; top of telescope 
provided with a very fine punch mark to also enable to center the transit from a point 
above; standards leatherized (see p. 11), full lengrth split-Iegr tripod, etc. 

The Mahogany Case has a leather strap, hooks, etc., and contains a sun-shade, a 
wrench, a screw-driver, an adjustable plumb-bob, a magnifying glass, adjusting pin, and 
weighs from 9J4 to 10 lbs. 

Weight of Plain Transit No. 1 n% lbs. ) Weiffht of trinod 

"Transit with Level Attachment (No. la) 14 " } twtft^lh« 
" Complete Transit (No. lb and No. Ic) . 14 J4 " ) *^ ^ ^^' 

Gross Weight of Instrument complete, packed securely for shipment in two boxes, 
about 60 lbs. 

Plain Transit, size No. 1, as described above, see cut on opposite page. 
Code Word, Bal>elle. Price (graduations silvered), $180.00 

Transit No. la, size, etc., asunder No. 1 above, with long, sensitive level, clamp 
and tangent screw to telescope, see cut page 152. 
Code Word, Balnode. Price (graduations silvered), $210.00 

Transit No. 1 b, size, etc., as under No. 1 above, but with a level, clamp and 5-inch 
vertical arc to telescope. Arc has double verniers reading to minutes, see cut page 153. 
Code Word, Besica. Price (graduations silvered), $225.00 

Transit No. Ic, size, etc., as under No. 1 above, but with a level, clamp and 
6-inch full vertical circle to telescope. Vertical circle has double verniers reading ta 
minutes, and is protected by an aluminum guard, as in cut page 154. 
Code Word, Boscardo. Price (graduations silvered), $237«00 



Extras to Plain Transit No. 1— Transit No. Ic inclusive. 

Standards polished and lacquered (no leather finish), made to order only . $5.00 

Graduation of horizontal circle, on heavy inlaid ring of solid silver . . 10.00 

'* " ** *' reading to 30" ... . . 10.00 

.4 u u n u tt 20" 20.00 

" " vertical arc or vertical circle on heavy inlaid ring of solid silver 6.00 

Gradienter attachment (see pp. 6 and 45) . • • • • . • • 6-00 

Stadia Wires, fixed . . . * . . . . . • • 3.00 

Short Focus Lens (pp. 101, 203). One pair 16.00 

Arrangement for offsetting at right angles 5.00 

Variation plate, adapted for ah declinations E. or W 10.00 

Cravenette hood (heavy, gives good protection); Silk (light, not waterproof) each l.lK) 

Bottle of fine v^ratch-oil to lubricate the centers, etc., of transit . . . 0.36 

An Inverting Telescope of 1H'' aperture, 11J4'' focal length and power of 28 
(lia. can be supplied with the above transits in place of the regular erecting one at no additional 
cost, niis telescope is particularly well adapted for stadia work. The weight is 9 oz. more. Thi» 
instrument is made to order only. 

* Correct form having no index error. See pages 98, 99. 
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No, I. 

(6V2i in. at cAgt oi ffrndtiurlmii i 



Plain Transit, 



For size and description of this instrument, as well as for Extras, see opposite page. 

Plain Transit No. 1, as shown above, and as described under Plain Transit No. 1 TBabelle)) on 
opposite page, verniers reading to minutes, but with graduations on soUd silver, as usually suppli^. 



Code word, Babiana. 



Price, $190.00 



(For code words for £xtras and changes from Babiana, see page ^ of complete code at back.) 
The verniers of this instrument can be placed at an angle of 90° to line of sight, if so ordered to be 
made specially. 

Slcetch "A" shows the bearingrs in the standards for the V-shaped form of the tele- 
scope's axis, the improved manner of fitting: the ac^ustable Wye block in the standard 
by means of dovetails instead of pins, also the adjustment of the block by opposing cap- 
stan-headed nuts, securins: thereby: — 

1. Greater rigidity of the bearing block in the standard, resulting in a truer motion of the 
telescope. 

2. Greater ease of making the vertical plane adjustment, as compared wiUi other^ 
same class. jitizeai)y > 

3. Greater permanency of this adjustment when made. 
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No, 1 a. 



Transit with Level Attachment* to Telescope, 

For size and particulars of this instrument, as well as for Extras, see ptkge 150. 

Transit No. 1 a, same as showtx above, and as described under Transit No. 1 a. 
(Balnode), page 150, verniers reading to minutes, but with graduations on solid 
silver and with fixed stadia wires as usually supplied. 

Code Word, Balsam. Price, $223.00 

(For code words for Extras and changes from Balsam, 
see page C of complete code at back.) 



The verniers of this instrument can be placed at an angle of 90° to line of sight, if so 
ordered to be made specially. 

* With a level attachment of the above kind, good leveling can be done, as the power of the^telescope and 



the sensitiveness of the spirit-level are equal to that of most Wye-levels. 
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No. 1 lu 

l63i in^ ^i *'tlii« nf grail nattf>ti. 



Complete Engineers' and Surveyors' Transit. 

For size and description of tliis instrument, as well as for Extras, see pag^e 150. 

Transit No. 1 b, as shown above, and as described under Transit No. 1 b (Besica), 
on page 150, verniers reading to minutes, but with graduations on solid silver and 
with fLx.ed stadia -wires as usually supplied. 

Code word, Betonica. 



Price, $243.00 



(For code words for Extras and changes from Betonica, 
Me pages C, D and F of complete code at back.) 



The verniers of this instrumc^nt can be placed at an angle of 90® to Une^ sight^ff so 
ordered to be made specially. ^ ^ 



0® to llne/0# sight Jfrso 
jitizedbyCnCfOgle 



154 
C. la, B£RG£R & SONS 




No- 1 C- 



PHl«ii1.r>flt 



Complete Engineers' and Surveyors' Transit. 

For size and particulars of this instrument, as well as for £xtras, see page 150. 

Transit No. 1 c, same as shown above, and as described under Transit No. 1 c. 
(Boscardo), page 150j verniers reading to minutes, but with graduations on solid 
silver- and with fixed stadia wires, as usually supplied. 

Code word, Bouvardia. Price, $255.00 

(For code words for Extras and changes from Bouvardia, 
see pages C, D and F of complete code at back.) 



The verniers of this instrument can be placed at an angle of 90° to line of sight, if so 
ordered to be made specially. 
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Special Vertical Circle. 

A 6g-Incli Vertical Arc or Full Circle with flat graduations of style 
shown for No. 1 b and No. 1 c but reading to 30* can be furnished in place of the 

regular 5-inch. Made to order only. 

Code Word— Bowana Price, extra $5.00 

Beaman Stadia Arc. 

An attachment for reducing inclined stadia readings to horizontal distances, and at 
the same time, giving differences of elevation between instrument and base of rod. It 
can be attached to Transits with flat vertical circles 5j, 5 and 4 inches diameter and 
having the verniers between the legs of standai"ds, as in No, 1 c. 

It may also be used for arcs with an open edge graduation, as for Plane Table 
Alidades, etc. Attached to our instruments to order only. See page 197. 
Code Word — Beaman ' Price, extra $30.00 




ira,lc, Stylea. 



The Berger Double Opposite Vernier Attacliment for transits pro- 
vided with a 5-inch full vertical circle, vemiers reading to minutes. For more in- 
formation and adjustments of this feature see page 49. Made to order only. 

Code Word— Bowek Prijce, extra $20.00 

For price of Double Opposite Vernier Attachment with Open Fi-ame protected 
vertical circle, graduation glass-covered, see page 199. 

Reversion Level. 




Code Woifl — BrHvlf? 



Applicable to any of our Transits of sizes Xo. 1, 2 3, 4, 5 and 6. 

Price, extra (over price of transit with level attachment to telescope), $12.00 

Note. — This. level has a revolvable cover guard to protect the exposed side of the level and to act as a 
reflector while in use. ^ 

The adjustment of this level and the horizontal cross-wire has to be made in the mannfer described for' 
the fixed level attached to the transit telescope, see pages 54 and 63. Uigitizea Dy ^^J ^ ^ 



156 




No. 1 Cp Style |>. 

'fi}i in. at edi;*? of t£rH<lii»iUMi)H 



Tachymeter.* 

For size and particulars, as well as for extras, see pp. 150-153. 

No. 1 c. Style p. Graduations of horizontal and vertical circles on solid silver, 
reading to minutes; 6-inch full vertical circle v^rith two double opposite verniers read- 
ing to minutes ; glass shades over verniers; S^-inch striding level; gradienter attachment; 
fixed stadia v^rires; etc. Standards leather finished. 
Code Word, Buckwheat. Price as above, $296.00 

This instrument without a striding level, less, $20.00 

*' *' " double opposite verniers for vertical circle, but w:ith a double 

vernier between the legs of the standard as in No. Ic, page 154 . . less, $16.00 

*The name Tachymetert or rai>id measurer, has been applied for many years, in Europe to instruments of 
this description. The characteristic of tachymetry is, that all the data required for the location of points are 
rapidly determined by the instrument^ by means of horizontal and vertical angles, and stadia measurements 
of distance. 
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No. 1 d. 

ii made hf C L. Berfter Jt fionk. 



Tacliymeter, 

For size and particulars of this instrument see pages 160-153. 

No. 1 d, as in cut, graduation of horizontal circle on solid silver, opposite verniers 
reading to 20"; graduation of vertical arc on solid silver, verniers reading to minutes; 
glass shades over verniers; detachable reading glasses for both circles, 11^-inch tele- 
scope showing objects inverted, power 27 diameters; 3i-inch striding level; gradienter 
attachment; fixed stadia wires; etc. Standards leather finished. 
Code Word, Bumelia. Price, as above, $312.00 

No. 1 d, as in cut above, and as described under No. 1 d "Bumelia" but with full 
vertical circle protected by an aluminum guard as shown in No. 1 c, page 154. 
Code Word, Burton. Price, $321.00 

This instrument without a detachable reading glass to the vertical arc, less $6.00 

Note. — For a description of the striding level, its use and adjustment, see page ^6. This striding level 
and the detachable reading glasses, as shown above, can be attached only to our transits of the above descrip- ^ 
tion; we cannot attach them to instruments already made. CI " 




Tachymeter. 

With three Ijeveling Screws and Shifting Center. 
Ko. 1 f, as ill cut. Graduation of horizontal circle on solid silver, opposite ver- 
niers reading to 20" ; graduation of 5 inch vertical arc on solid silver, verniers reading 
to minutes ; glass shades over verniers ; detachable reading glasses for horizontal 
circle ; ll|-inch telescope showing objects inverted, power 27 diameters ; 6- inch spirit 
level parallel to telescope ; 3J inch striding level ; gradienter attachment ; fixed stadia 
wires, etc. Standards leather-finished. Price, aS ahOYe, $322«00 

For size and particulars of this instrument, as well as for Extras see pages 150-153- 
For adjustment of Transverse striding-level resting on special collars see page 56. 

Code word Burdock. 
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No. 1 g 

(6^ in. at eilge' tit g^riiiluaUoi]-) 



Tachymeter. 

For size and particulars of the above instruments, as well as for extras, see pp. 150-153. 

Jj"0, 1 g", as in cut. Same as No. 1 f , but having a 5-incli full vertical circle with two 
double opposite verniers reading to notlnutes, and two readinsp-grlasses to th© v^M^eal 
circle. 

Code Word, Buttercup. Price as above, $35:2.00 
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Iff 



MONITOR TYPE 



Engrlneers' Transit No. 1 m. 

With Yoke Standards and Wye-Bearingrs. Without Oompass. 
For Triang^ulation, General Construction, Tunnel and all classes of Underg^round Work. 

In the Transit illustrated on opposite page the yoke-shaped standard frame carrying 
the wye-bearirgs for the telescope's axis of revolution, is cast in one piece, and its form, 
beinfi; of superior desi&p, is such as to give great upright and lateral stiffness, with compara- 
tive lightness. in wei^t. This fact, coupled with the desire to have an instrument free 
from the defects so often noticed in the Transits enumerated under Nos. 1 and 2, 
etc., with compasses where the necessary lateral rigidity of the standards must be obtained 
by the peculiar conically-shaped pivot ends of the telescope's axis of revolution, at the 
expense of accuracy, led us to adopt the cylindrical form of pivots resting in wye • 
bearings, to ensure a true motion of the telescope in the vertical plane, (one that is 
free from any deflection of the line of sight caused by wabbling in bearings loose from 
wear and lateral strain). In this Transit the telescope reverses only throufifh the standard, 
as usual, the aim being to furnish a Transit most eminently fitted for the highest class 
of engineering work of all kinds, but at a cost lower than those enumerated later on under 
Triangulation Transits. In this instrument the wye-bearings are well protected from 
dust and water. The main plate level is placed in the center of the upper plate, where 
it is entirely protected by the base of the standard frame and by the aid of a special guard, 
and where it can easily be read from both sides. The upper surface of the vernier plate 
is slanting downwards, and the vernier openings are raised above the surface, and special 
channels are provided, so that water will run off immediately. The Yoke standard frame 
will be leather-finifihed. In this, as in ail other instruments, the Une appearance and 
general character depends principally on simplicity of design, coupled with fine work- 
manship, and a high state of efficiency of every part. Other parts that cannot easily 
be finished and lacquered in the usual — but mostly antiquated — manner, are therefore 
also leather-finished. This is in line with good taste and modem thought and im- 
provements, to enable us to unite as many pieces as possible to secure great stability 
and steadiness under all conditions in order to arrive at quick and thoroughly reliable 
results. 

Transit No. 1 m, as in cut (for size, weight and particulars, see Transit No. 1, 
page 142); graduation of horizontal circle on solid silver, double opposite verniers 
reiuling to 30*; 'graduation of 5-inch vertical circle on soUd silver, double vernier 
reading to minutes; almninum guard to vertical circle; glass shades over verniers; 
ll|-inch erecting telescope with IJ-inch aperture; power 24 diameters; long spirit- 
level to telescope; fixed stadia wires; etc. Made to order only. 

Price, as above $265.00 

C^de Word Buxana 

This transit can be made with inverting telescope when so ordered; length 12 inches, 
clear aperture If inches, power 28 diameters. No extra charge. 

If desired with inverting telescope add to the Code word ^^ Invert*'* 

Oblong: Compass permanently fastened to and within the confines of vernier plat© 

at side of standard. The 3-inch needle can be read 6° each side of the zero of the 

graduation. 

Code Word— Oblongr. Price extra, $ 15.00 
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{e}4 In. at edge of jrradiml iitJb.>| 




Engineers' Transit No. 1 m. 

With Yoke Standards and TVye-Bearing^s. TVithout Compasg. 
For Triangrulation, General Construction, Tunnel and all classes of Underground TlTorlK* 
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h SURVEYORS' TRANSIT No. 1 s. 

TVith Compass, Yoke Standards and TVye-Bearingps. 
It is well known that in Transits with compass (styles Nos. 1, 2, 3,4, 5 and O) the 
strength required for the standards to support the telescope, and to prevent the latter from 
shifting laterally in the bearings, is derived mainly from the vernier plate and its compass 
ring as a base, from the rigidity of the standards themselves and their width apart, and 
last — but most important — from the peculiar shape of the pivot-ends of the horizon- 
tal axis of revolution, which latter prevents both of the standards from swaying to and 
fro. Ingenious and time-honored as this construction is — being exemplified m many 
thousands of instruments — it cannot compare in degree of accuracy with that afforded 
when the ends ot the telescope's axis are of cylindricS form running in wye-bearings, pro- 
vided the necessary upright and lateral stiffness can be obtained in the standard frame. 
The Yoke standard frame, shown in the cut on opposite i>age, is of great strength com- 
bined with lightness, and enables to successfully mount the telescope's axis by means 
of cylindrical pivots in wye-shaped bearings. The motion of the telescope in the vertical 
plane is therefore entirely free from such defects, as deflection of the line of sight, etc., 
noticed in the older stales, when caused by wear and strain. To obviate this, has been 
the object of introducing the yoke frame — conunon in all our triangulation Transits 
— but having a compass mounted in the central portion of its base. With this arrange- 
ment the surveyor is now placed in possession of an instrument whose chief features 
have no superior in point of accuracy, fine workmanship and thorough adaptation to his 
needs. The telescope reverses through the standards only. The Yoke n*ame will be 
leather-finished; all other parts will he polished and lacquered. The whole instrument 
has a fine appearance. 

Transit No. 1 S, as in cut (for size, weight and particulars, see Transit No. 1, 
page 150); ^^uation of horizontal circle on solid silver, double opposite verniers 
reading to minutes; 5-inch vertical circle with one double vernier reading to minutes, at 
eye-end; graduation on soHd silver; aluminum guard; glass shades over verniers; 11 f -inch 
erect telescope with l^-inch aperture, power 24 diaineters, long spirit-level to telescope; 
fixed stadia wires; Sy^-inch magnetic needle with variation plate; etc. 

Made to order only. 

Price $300.00 

Code Word . . . Buxota. 

Extras to Transit No. 1 s. 

Horizontal circle graduated to read to 30^ extra . . 10.00 

" " " " « *< 20" '' 20.00 

This transit can be made with inverting telescope when so ordered; length 12 inches, 
clear aperture 1| inches, power 28 diameters. No extra charge. 

If desired with inverting telescope add to the code word '* Invert." 



Og SURVEYORS' TRANSIT No. 2 s. 

Horizontal circle 5H In* At edge of grraduation. 

Tnansit No. 2 s (size, weight -and particulars as in No. 2, page 168), but with 
magnetic needle 2J^*' long, variation plate; otherwise with same features as for 
No. 1 S above. Made to order only 

Price $300.00 

Codeword Buylis. 

This instrument with inverting telescope, add to the Code Word **Invert.'' 

Transits No. 1 s and No. 2 s^ eniunerated above, may have a 5' vertical 
arc, with the verniers between the Yoke standard frame instead 
of the full vertical circle with the verniers at eye end. 

Price . . . . > $280.00 

Code Word, Transit No. Is • Buzada. 

" " Transit No. 2 s Buzemo. 

For prices of solar attachments, etc., see pages 172 to 175. 
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Surveyors' Transit No. 1 s. 

"With Compass, Yoke Standards and Wye -Bearing^, 

(Above instrument is shov^n with inverting telescope.) 
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51" ENGINEERS' AND SURVEYORS' TRANSIT* 

A Standard Size of less weight than transit No. 1 , but larger than size No. 2. 

The telescope has nearly the same power as No. 1 Greeting^ and when made 
Inverting is more powerful. 

The outer or contra clockwise row of figures on the horizontal circle and 
those of the verniers of the right side of verniers A and B can be furnished in Red 
but will be made to order only, see cat. page 41. Instrument stands upright in 
carrying case. 

Transit, Size No. 5^/6 

SPECIFICATIONS : — 

Horizontal circle 5!4-incli (at edge of graduation), graduated on heavy 
ring of solid silver, double opposite verniers, read to minutes, two rows of 
figures to 360 in opposite directions; figures inclined in the direction verniers 
should be read, verniers at 30° \o line of sight. 

Vertical circle S-inch, graduated on solid silver, double verniers read to min- 
utes, between legs of standard, and Aluminum Guard. 

Telescope lOl^-inch, objects erect, t aperture l% inch, power 20 dia. 

Stadia wires, fixed, in ratio 1 :100. 

Spirit-level 516-inch, with clamp and tangent screw to telescope. 

Plate-levels of standard length and very sensitive. 

Magriietic needle 316-inch, edge-bar form. (See pages 98-99.) 

Shifting^ center, to set instrument exactly over a given point. 

Punch mark on top of telescope, to enable to center the transit from a point above. 

Transit leather! zed (see page 9). All important parts treated in our durable 
and handsome leather finish. 

Full lengrth split-legr tripod. 

The Mahogany case has a leather strap, hooks, etc. It contains a sun-shade, 
a wrench, a screw-driver, an adjustable plumb-bob, a magnifying glass, an ad- 
justing pin, and weighs about 7 lbs. 

Weiii^ht of transit about 13 lbs.; weig^ht of tripod from 9 to 9)^ lbs. 
Gross weight of transit packed securely for shipment in two boxes, about 55 lbs. 
Code Word, Cakula. Made to order only. Price $252.00 

Transit as ahove, with a 5-inch Arc in place of a full Vertical Circle. 
Code Word, Cagana. Made to order only. Prlcc, $243.00 

Transit as under Cagrana, but without arc. 

Code Word, Cadagron. Price, $223.00 

Extras to Transit No. 5^. 

Graduation of Horizontal Circle, reading to 30* *^9'22 

Gradienter attachment .......... 5-00 

Oflhettini; arrangrement ......•••• -X'JS 

Variation Plate, adapted for all declinations E. or W. . }n'?n. 

Extension Tripod, in addition to the split-leg tripod furnished with the transit ofSt 

Plain Prism, with colored glass, for observing the sun's altitude (fig. 7), page 176 • • 8.00 

Improved Prism, with colored glasses, for observing the sun's altitude (fig. 5), page 175 . 12.00 

Davis' Solar Attachments, screen with improved prism mounting (page 175) JS'SS 

Berger's Solar Attachment (small) (pages 172 and 173) 52.00 

^* Latitude I^evel Attachment ^- .« ;^ . • JS'Sx 

Short Focus I^ens Attachment (see pages 101 and 203) . One $8.50, pau- 16.00 

Leather Cover over case arrangred to be strapped to a saddle of a horse 13.00 

" " " " as above with shoulder straps ...... ^^.00 

Cravenette hood (heavy, gives good protection) silk (light, not waterproof), each . 1.00 

Bottle of fine watch oil, for the centos, etc., of transit . - 0.35 

*Unu8uaI size; see our No. sy^ Monitor Transit, pages 166 and 167. 

fAn Invertins Telescope of ly^" aperture, lOV^' longr. power S3 dia. can be supplied 
with the above transit in place of the r^fular erecting one at no additional coat. This telescope is 
particularly well adapted K>r stadia work. Made to order only. 
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No, 5!^. 

5^ in. at etif^v of ^rudiiiitilDi], 



Patented. 



No, 5^^ Engineers' and Surveyors' Transit, 

Unusual size, made to order only. (See No. 5}4 complete Monitor Transit, 
pages 166 and 167.) 

For size, weig^lit, particulars and extras of this instrument see opposite page. 

Code word Cakula Price, $252.00 

The Front Plate Level is fully protected its entire length by an aluminum suu^ 
which is independent of the level and its adjustments. 

To avoid mistakes and to save time telegraph Code name. 
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51" MONITOR TYPE 
Engineers' and Surveyors' Transit 

With Compass. Cylindrical Pivots to Telescope Axis. Wye-Bearings. 

A Standard Size of less weight than transit No. 1 , but larger than sizeKo.2. 

In general use for accurate WOrk in cities where commercial traffic preyails, in 
and about factories and erection of buildings. For underground work it has ho supe- 
rior. The telescope has nearly the same power as No. 1 Erectingr ana when 
made Inverting: is more powerful. Modern design, ruggedness of construction, 
and its great lateral rigridity of standards for steadying the tel- 
escope's axis place this style on a par with our Yoke Standard Frames, 
enumerated later on, commending it to all requiring uninterrupted and efficient 
service in strenuous work. 

The outer orcontra clockwise row of figures on the horizontal circle and those of 
the verniers of the rightsideof verniers A and B can be furnished in Red but will be 
made to order only, see Cat. page 41. Instrument stands upright in carrying case. 

Monitor Transit, Size No, 5% 

SPECIFICATIONS :- 

Horizontal circle 5>^ inch (at edge of graduation), graduated on heavy 
ring of solid silver, double* opposite verniers, read to minutes, two rows of 
figures to 360 in opposite "directions; figures inclined in the direction 
verniers should be read, verniers at 30 degrees to line of sight. 

Vertical arc 5-incb, graduated on solid silver, double verniers read to minutes. 

Telescope 10>^-incli, objects erect, t aperture Ij^-inch, power 20 dia. 

Stadia wires, fixed, in ratio 1 : 100. 

Spirit level 5^ -inch, with clamp and tangent screw to telescope. 

Plate levels of standard length and very sensitive. 
'Magrnetic needle 3>^-inch, edge-bar form. (See pages 98-99.) 

Shiftingc center, to set instrument exactly over a given point. 

Punch mark on top of telescope, to enable to center the transit from a point above. 

Transit leatherized (see page 9). All important parts treated in our durable 
and handsome leather finish. 

Full lengrtli split-leg: tripod. 

The Mahogany case has a leather strap, hooks, etc. It contains a sun-shade, 

a wrench, a screw-driver, an adjustable plumb-bob, a magnifying glass, an ad- 
justing pin, and weighs about 7 lbs. 

Weight of transit about 13 lbs.; weight of tripod from 9 to 9>^ lbs. 

Gross weight of transit packed securely for shipment in two boxes, about 55 lbs. 

Code word Caboa Price, $243.00 

Transit as above, but in place of arc with a 5-inch full Vertical Circle 
and Aluminum Guard double verniers between legs of standard. 

Code word Cafid Price $252.0O 

Extras to Monitor Transit No. 5V6 

Graduation of Horizontal Circle, reading to 30* *^2*SS 

Gradienter attachment .......... 5.00 

Olltottingr arrangement ........ ,x*2S 

Variation Plate, adaptfd ^?' all^^p^'^^^^^P^ ^^•.^'^j^*^. i, j-_.^i, /i, * ' •♦ ' 

sioo 

12.00 
18.00 
52.00 
15.00 
16.00 
13.00 
15.00 
1.00 
0.35 



._ „_^ ^ _ , _ ..page 176 

SaTis* Sc^ar Attachments, screen with improved prism mounting (p. 175) 



Berber's Solar Attachment (small) (pp. 172 and 173) 



Latitude Level Attachment ^ •„ i^/x • 

Short Focus I^ens Attachment (see pages 101, 203) One $8.50, pair 

I«eather Cover over case arranged to be strapped to a saddle of a horse 

*« *« «* "as above with shoulder straps • • • • : 

Cravenette hood (heavy, gives good protection), silk (light, not waterproof) f each 
Bottle of fine watch oil, for the centers, etc., of transit ..... 



♦This transit can be furnished with a single B vernier, see Monitor Type transit No. 4H» 
page2180. Made to order only. 

t An Inverting Telescope of XYa" aperture, lOi/a' long, power 28 dia. can be supplied 
with the above transit in place of the regular erecting one at no additional cost. This telescope is 
particularly well adapted for stadia work. Made to order only. '" O 
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No. 5}4 



{ti}^ ill- n t. f.'^d ^p i> f pi^ r ji 4 1 1 1 J4 1 i t> II » ) 



j'jtlvnted* 



No. 5}4 Complete Monitor Type Transit 

For Hlze, weig^ht, particulars and extras <>f this instrument see opposite pag^. 



Code word Caboa 



Price, $243.00 



Cylindrical Pivots to telescope's axis running: In the improTed Wye bearingr* The 
center point is located on a round hub on the telescope's axis to better distingruish it in 
dark places when centerings under a point above the transit. 

The Eye Piece Cap is larg^e in diameter. It affords a protection to the eye of the ob- 
server in a g^lariugs sun. It has been combined with a dust guard which fully protects 
the Eye Piece f ocussingf slide. 

The Front Plate LiCTel is fully protected its entire leng^th by an aluminum g^uard 
which is independent of the level and its adjustments. 

Improved Le veilings Head with dust caps to IcTelllng screws. 

To avoid mistakes and to save time telegraph Code name. 
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51" ENGINEERS' AND SURVEYORS' TRANSIT. 

The essential features of this transit are lilce those enumerated under No. 1, 
page 150, with the exception of size and weight. We strongly recommend it for 
use where a lighter instrument is desirable for land surveying, railroad, mining and 
underground work, etc. , of all kinds and where a graduation reading direct to single 
minutes and to 30'' and 20'' by estimation is preferred. Every part is made with great 
care and the aperture, focal length and power of telescope are properly related to each 
other and to the size of plate to make this a very compact, portable and accurate transit.* 

Complete Transit Size No. 2. As in cut (see opposite page), but with 
verniers at 30° to line of siprht (unless ordered to be at 90°). gPErjl Ft CATIONS:— 

Horizontal circle SK-inch (at edge of graduation), graduated on heavy inlaid 
ring of solid silver, double opposite verniers reading to minutes, two rows of 
figures to 360 in opposite directions; figures inclined in the direction verniers 
should be read; verniers at 30° to line of sight. 
Vertical arc S-incli, graduated on solid silver, double verniers read to minutes. 
Telescope lOX-ineh, objects erect, t aperture 1^ inch, •power 18 dia. 
stadia wires, fixed, in ratio 1:100. 

Spirit level 5>^-incli, with clamp and tangent screw to telescope. 
Plate levels of standard length and very sensitive. 
Magrnetic needle 3}^^^ edge-bar form having no index error. 
Shif tingr center, to set instrument exactly over a given point. 
Punch mark on top of telescope, to enable to center the transit from a point above. 
Standards leather ized (see page 9). 
Full length split-legr tripod. 

The Mahogany case has a leather strap, hooks, etc. It contains a sun-fihade, a wrench, 
a screw-driver, an adjustable plumb-bob, a magnifying glass, an adjusting pin, and 
weighs about 7 lbs. 

Weight of transit about 10 lbs. ; weight of tripod from 9 to 9>^ lbs. 

Gross weight of transit packed securely for shipment in two boxes, about 66 lbs. 

Code Word Calypso. Price, $243.00 

Transit No. 2 as in Calypso but without solid silver, graduations silvered. 

Code Word Calixa. Price, $228.00 

Transit No. 2 as in Calypso but without vertical arc ( see Xo, 1 a, page 152). 

Code Word Calamus. Price $223.00 

Transit No. 2 as in Calypso but without level, clamp, tangent screw, arc 
or stadia wires to telescope (see cut Piaiu Transit No. 1, page 151), 
Code Word Caladium. Price $190.00 

Extras to Complete Transit No. 3. 

standards polished and lacquered (no leather finish). Extra •ff.OO 

5-incll full vertical circle (>in place of arc), graduation on solid silver, double vernier 
between legs of standard reading to minutes, with aluminum guard (as in cut, page 177). . . 9.00 

Gradienter attachment 500 

Oflbetting arrangement 5-00 

Short Focus Lens (see pp. loi, 203). One pair 16.00 

Variation Plate, to set off all declinations E. or W. 10.00 

Cravenette hood (heavy, gives good protection); Silk (light, not waterproof), each . . 1.00 

Bottle of fine watch-oil, to lubricate the center, etc., of transit 0.36 

• For close stadia work. Transit telescope size No. 1, with its longer focal length and higher power, will 
be best suited for that purpose. But in all cases where greater lightness and portability and where only general 
good results in stadia work, as obtained with a less powerful telescope, will be deemed satisfactory, sise No. S 
should be chosen. We cannot put a telescope of the size described under No. i upon a Transit size No. 2. 

t An InTertinf Telescope of 1%" aperture, 1034 inches long and with a power of 28 dia. can 
be supplied with the above transits in place of the regular erecting one at no additional cost, but the in- 
strument must be made to order. This telescope is particularly well adapted for stadia work. 
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5-inch Complete Engineers' and Surveyors' Transit. 

For size, weight, particulars and extras of this instrument see opposite page. 

Transit No. 2, as already described on opppsite page — Calypso— and as shown 
above, but with verniers at 30° to line of sight (unless ordered to be at 90°), grad- 
uations on solid silver, fixed stadia wires. 



Code word, Calypso. 

(For code words for Extras and changes from CalypMl^ 
see pages C, £ and F of complete code at back.) 



Price $243.00 



Note — If verniers are desired at 90° to line of sight, as in cut above, the instrument 
must be made specially, — no extra charge. 
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The Surveyors' Solar Attachment. 

Placed on the side of the transit it permits the main telescope to be reversed throug^h 

the standards at all times. 

Our Surveyor's Solar Attachment, or meridian finder, is in principle like Pear- 
son's (made by us heretofore), not requiring computation, but instead of the lens-bar 
it has a small telescope with J-inch aperture and 6 inches focal length. This telescope 
is provided with a detachable prism and colored glass for the eye-piece, and also a plain 
colored glass for use with the main, or solar telescope, and our customary solar square 
as in figure RR, page 122. 

This solar attaches by means of a screw to the end of the cross-axis of the transit 
telescope on the side of the clamp and tangent-ficrew, as shown in the cut, and when 
not in use can be again readily detached from the instrument proper. It has no dec- 
lination arc. The declination of the sun, and the latitude of the place of observation 
are both set by the verti^cal circle of the transit. All settings for position, viz., that 
of the polar axis for latitude, that is, for coincidence with the zero marks of the vertical 
circle and verniers, and the setting of the declination, are secured by two spirit levels 
placed upon the polar axis and upon the solar telescope, as will be seen in the cut. 
The degree of precision attainable and the ease of manipulation in the use of this 
attachment is commensurate with that of our engineers' and surveyors' transit. 

To determine true meridian at any hour of a day, it is only necessary that the 
declination and refraction of the sun on that particular day and hour be known to the 
observer, and that the polar axis be raised precisely to the co-latitude of the place of 
observation. 

By the use of our Latitude Level (also attaching to the cross-axis at the side 
of the vertical circle, as shown in the second cut), not requiring a reading of the ver- 
tical circle for every setting of the polar axis for latitude except once in a day, obser- 
vations can be made repeatedly with speed and accuracy. With the declination and 
refraction of the sun previously worked out for the various hours of a day, observa- 
tions can be made nearly as fast as a needle can be read of the surveyor's compass. 

A concise description of both attachments will be found in our manual. The ac- 
companying illustrations of the solar attachment represent them as applied to transits 
No. 1 and No. 2. Of all the different kinds in use, we believe it to be the most 
efficient. Owing to its position at the side of the transit, it can be easily 
manipulated. The adjustments are few and simple, and need to be verified only 
from time to time ; besides, they can be readily proved and perfected, being similar to 
those in the transit. 

Weight of this Solar attachment is ,1 lb., that of the latitude level about ^ lb. 
Both are packed in a separate box of mahogany provided with a shoulder strap, 

and can also be packed in the box with the instrument. 



Price of Solar attachment, as above, with counterpoise, prism with colored 
glasses and additional colored glass to apply to the telescope of the transit to 
observe the sun's altitude, in order to apply the correction for refraction in 
solar transit work, . $85*00 

Price of latitude level, as above, 15.00 

Surveyors' Solar Attacbment (Smith Solar), as used by " General 
Land Office of U. S. A.," attached to transits No. 1-s and No. 2-s on pages 

' 162 and 163 as well as the 4J^" transit of the same style. 

Complete Transits No. 1-s, No. 2-s and No. 4^^-s with Smith 
Solar, Price, $363.00 
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Latitude Level Attachment. 

Shown as applied to a Transit witli Solar Attaeliuient. 

NoTB.--The surveyors' solar attachment and our latitude level can be placed only upon Transits No. 1, 
No. 2, and No. 3, and then only when ordered with the instrument. 
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The Berger Solar Attachment 

Attachable to Transits, Sizes 1, 5*^, 2, V/2 and 4, haTing a Fnll Tertical Circle. 
For U. 8. Depaty SarTeyors, SurTeyors and Mining Engineers. 

This Solar Attachment may be used as a first-class solar in surface surveying for 
determining meridian. The solar telescope being longer and more powerful than 
heretofore, and as its horizontal axis is provided with our patented lateral adjust- 
ment * (see cuts a, a on right-hand side of illustration), we are enabled to place its 
line of coUimation so truly above that of the main telescope as to be exactly in the 
same vertical plane. 

As a solar attachment, or meridian finder, it is in principle like Pearsons* and that 
formerly made by us (see cut page 65), not requiring computation; but instead of the 
lens bar, or small telescope, f it is now constructed with a telescope of one-inch aperture 
and six-inch focal length, provided with a diagonal eye-piece, colored glass and wires 
arranged in a square, as shown on next page and described on page 71. 

This solar attachment fastens by means of a screw to the cross axis of the transit 
telescope. It has no declination arc. The declination of the sun and the co-latitude 
of the place of observation are both set off by the vertical circle of the transit. All 
settings for position, viz. that of the polar axis, to be truly at right angles to line of 
sight of main telescope and the setting of the declination, are secured by the spirit 
level attached to the solar telescope. The d^ee of precision and simplicity of manipu- 
lation attained thereby is commensurate with that of our Engineers' Transit. 

To determine true meridian at any hour of the day it is only necessary that the 
declination and refraction of the sun on that particular day and hour be known to the 
observer, and that the polar axis be raised precisely to the co-latitude of the place of 
observation. The adjustments are few and simple, and need to be verified only from 
time to time; besides, they can be readily verified, being similar to those in the transit 
proper. 

Latitude and transit observations can also be made with this telescope when the 
Sim's altitude is too high for observations with the main telescope, in the same man- 
ner as described on page 97 for our Interchangeable Auxiliary Telescope style 1. 

This solar attachment can be readily attached or detached from the transit with- 
out altering its adjustments. When detached the transit is then simply an ordinary 
complete Engineers' and Surveyors' Transit. 

By the use of our Latitude Level t (fastening to the cross axis at the side of the 
vertical circle, see cut) not requiring a reading of the vertical circle for every setting 
of the polar axis for latitude except once in a day, observations can be made repeatedly 
with speed and accuracy. Indeed, with the decHnation and refraction of the sim pre- 
viously worked out for the various hours of the day, observations can be made nearly 
as fast as a needle of the surveyor's compass can be read. A concise description and 
use of both attachments will be found in the Manual. 

The weight of the solar attachment and top telescope combined is 1 lb., with coun- 
terpoise, 2 lbs.; that of the latitude level about 3^ lb. Both are screwed into the in- 
Code Words gtrument box. 

Dianthus Price of Solar Attachment ivitli Small Telescope, as 

generally supphed for solar work, without counterpoise, § but 

with prism and colored glass, .... $52.00 

Dicentra Price of Latitude Level, as in cut, ... $15«00 

* Other telescopic solars of similar design as heretofore made may be out from H to H" from the 
center of the main telescope, and then of course there must be a divergence of the lines of sight of 
both telescopes involving errors to that amount. 

tThe honor of first conceiving the idea of applying a small telescope in place of the lens bar and 
of usmg a spirit level for the accurate setting of the polar axis, belongs to Mr. C. L. Berger, of this 
firm. See Catalogue of 1878. 

tThis latitude level can also be used for grades and distance measurements, etc. It will be found 
to form a very useful adjunct to the Engineers' Transit, even without the solar attachment. 

§ It is not strictly necessary to counterpoise the smaller solar attachment in order to obtain good 
work. 
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A. Instrument with Solar Attachment ready for an observation. 

B. Eye end view of Solar Attachment showing: patent lateral adjustment to enable us to place 
the Solar Telescope exactly in the same vertical plane with the main one. 

D. Latitude Lievel, if ordered, for use with Solar Attachment, 
b, b. IVire Diaphragrm in Solar Telescope. 
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Davis' Patent Solar Attachment. 

This invention is destined to supersede all other solar attachments, being by for 
the fhost accurate, the moat simple, and the cheapest in use. The sun observations are 
made with the instrument's telescope direct, whereby greater range and power are 
secured, and limiting the adjustments to those common to the instrument proper 
itself. It can be attached to any engineers' and surveyors' transit which has a good 
vertical arc or full vertical circle. A great many have been placed on our transits 
(sizes Nos. 1, 2, 3 and occasionally on No. 4), for the use of U. S. Deputy Survey- 
ors, and others having occasion to do solar worlt. 

However, as its manipulation involves a few mathematical calculations, differing 
somewhat from ordinary solar attachments, we advise our patrons to carefully read 
pages 81 and 82, etc., of manual, where a full description will be found. 

The screen, shown in Fig. 2, can be applied with erecting and inverting tele- 
scopes. In mailing an observation with an erecting telescope the full aperture of 
the object glass is utilized, but with an inverting telescope it must be limited 
to about % or y% inch diameter to get the wires sharply defined on the screen. To 
this end the telescope cap is provided with a central opening, permitting of such an 
adjustment, which may be closed entirely when not in use. 

Attachments shown in Figs. 3 and 4 are for direct observation when the sun's 
altitude does not require the screen. These latter attachments are now made by us 
in a manner superior to those shown in these cuts on opposite page. They are 
mounted as in Fig. 5, upon a frame, readily attachable to the eye-piece by means of 
a clamp, which can be clamped in any position most convenient for the observer. 
To bring the colored glasses or the prism before the peep-hole of the eye-piece, it is 
only necessary to revolve them, hence they can be used in rapid succession. It will 
be seen that these solar attachments are easy to manipulate, and therefore must 
insure better results than heretofore obtainable with mechanical devices of any 
other Itind. 

Price of Solar Screen, Figs. 1, 2 and 3 $ 6.00 

*' *' Plain colored glass, Fig. 4 2.00 

** ** ** " ** mounted in Shutter, Fig, 6, when ordered 

with Transit 2.60 

" "• *' " " Fig. 6 with Eye Piece Cap, when subse- 

quently ordered . . . . 8.00 

"- " *' Prism and colored glass, Fig. 7 8.00 

4. u pi-ism and colored glass, improved mounting, Fig. 6 . . 12.00 

** *' Solar Screen with improved prism and colored glasses combined. 18.00 
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C. L. Berger & Sons' Patent Inclined Square. 

For Sun ObserTatlons with DaTis' Patent Solar AttAchmeiit. 

This device consists of four additional wires forming an inclined square of equal sides placed at an angle of 
4c^ with the usual cross wires, and equi-distant from the latter's point of intersection in the Surveyor's Tranitt 
Telescope. The space contained within this souare, as will be seen in the greatly enlarged Figures gf and K^a, is 
slightly smaller than the sun's disc ; thus an observation of the sun for position caa tc made by simply setting 
the telescope by means of the tangent screws until the four sezments, formed by the black Unes against the bright 
disc of the sun, are of equal size. In this manner the sun's disc can be better bisected, as when it must be 
quartered by the cross lines alone — but, if desired, both methods can be applied as a check upon each other. 

The arrangement of the wires in the inclined square is in no way confusing, as it keeps tne cross and stadia 
wires distinctly apart for the regular work of the transit, and, in rapid work, is a help to distinguish the 
horizontal from the stadia wires, as shown above, which cannot be said of the erect square H —also patented, ^> 
•hown on the page illustrating the various sighting wire diaphragms. Part I. 

Price of Patent Inclined Square, but only, when ordered with the instrument, extra . •4.00 

*• also provided with Stadia Wires, as in cut, " . 7.00 

^ " '• ** with cross and stadia wires for instruments of other make 10.09 . 
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Fig. 2. 



Piff. 1 . 




Fig. 3. 



Solar Screen 
Daisy 




"|!!iJH^ MJII|i||JllTJliift 3|g 

I>avis' Solar Attachments. 



Fig. 4. 

Glass 

mounted in 

Cap. 

Dandelion. 




iTlafiS 

inouuted in 

l^liutter. 



Fig. 5. 
Diihlia. 



Plain Prism 
'with colored g^lass 

Attached to Eyepiece Cap. 



Berger Improved Prism and colored glass attachment 

^* A "—Prism, " B "—Peephole, "C "—Colored Glasses. 

Fig. 8. 

Diag^onal £yepiece with Swivel Adapter 



Note. — 

A diagonal Eyepiece cannot be 
advantageously attached to a 
mine transit, since it must inter- 
change with the regular eyepiece 
of the inverting kind, and there- 
fore frequent brealcing of the cross 
wires from dirt and water would 
be a constant source of annoy- 
ance, especially in dark places. BesM^-, i 
such instruments the telescope mu^c tir^ 
pushed considerably farther througli Elir 
axis and a heavy counterpoise permant uLl^ 
attached to the eye-end of barrel to lialantr 
the telescope, and the latter will then only pove«« ai ey? - 
end through the standaurds. For sights rnftcoes^lt^lr va the 
main telescope in mine work, nothing hatter h»s ln-fn 
introduced than our interchangeable uitlU^ry Itlc-^u r'n': > 
described later on. 




j^i^nitlt 



l*ri(?e, »2a.Of> 



Digitized by 



Google 



176 



THE 5 



P MOUNTAIN TRANSIT. 



This instrument is of the same size and in other respects similar to that described 
ander Transit size No. 2, but being intended for use in mountainous regions, it is pro- 
vided with an extension tripod to adapt it to suddenly changing grades, and in order 
to facilitate the reading of the verniers without stepping aside the latter are placed at 
an angle of 30° to line of sight. This transit has a full vertical circle protected by 
an aluminum guard. Its work is as accurate as that of larger transits of its class. 

Mountain Transit No. 3. A^s in cut shown on opposite page, but without 
D»vl8 solar Screen. 8PKC1FICATION8 :- 

Horizontal circle 5|«incli (at edge of graduation), graduated on heavy inlaid 
ring of solid silver, double opposite verniers read to minutes, two rows of 
figures to 360 in opposite directions; figures inclined in the direction verniers 
should be read; verniers at 30° to line of sight. 
Vertical circle S-inch, graduated on solid silver, double verniers read to minutes. 
Telescope lOX-inch, objects erect,* aperture IK inch, power 18 dia. 
Stadia wires, fixed, in ratio 1:100. 

Spirit level 5>^-incli, with clamp and tangent screw to telescope. 
Plate leyels of standard length and very sensitive. 
Ma^rnetic needle SU" edge-bar form having no index error. 
Shif tingr center, to set instrument exactly over a given point. 
Punch mark on top of telescope, to enable to center the transit from a point above. 
Standards leatlierized (see page* 9). 
[Extension tripod. 

The Mahogany case has a leather strap, hooks, etc. It contains a sun-shade, a wrench, 
a screw-driver, an adjustable plumb-bob, a magnifying glass, an adjusting pin, and 
weighs about 7 lbs. 

Weight of transit about 10 lbs. ; weight of extension tripod from 9 to 11^ lbs. 

Gross weight of transit packed securely for shipment in two boxes, about 56 lbs. 

Code word Forsythia. Price, $252.00 

A reduction of 8X5*00 can be made if graduations are not on solid silver. 

Extras to Mountain Transit No. 2. 

Gradienter Attachment, $5.00 

Offsetting arrangement, 5.00 

Variation Plate, adapted for all declinations E. or W 10:00 

Quicls: leveling attachment (see manual), 15.00 

Fulllength split-leg tripod, for use with transit in ordinary practice (see Note) 16.50 
Plain Prism, t with colored glass, for observing the sun's altitude (fig. 1), 8.00 

Improved Prism, with colored glasses, for observing the sun's altitude (fig. 5), 12.00 
Davis' Solar Attachments* screen with improved prism mounting (p. 175), 18.00 

Berger's Solar attachment (pp. 172 and 173), 70.00 

** Latitude Level attachment, 15 00 

Short Focus Lens Attachment (see pages 101, 203). One pair, . . . 16.00 
Leather Cover over case arranged to be strapped to the saddle of a horse, 13.00 
** ** ** *' as above with shoulder straps, . . . . 15.00 
Cravenette hood (heavy, gives good protection) ; silli (light, not waterproof), each 1 . 00 
Bottle of fine watch oil, for the centers of transit, 0.35 

NoTB. — Although the extension tripod is very slender and about 2 lbs. heavierthan our regular tripod, its 
superiority for mountain work is very^ apparent. Still, for general practice, it is desirable to have the regular 
triDod, giving greater steadiness and increased accuracy. It will be advantageous to order both kinds. 

It will be observed that in the cut the verniers of the horizontal circle are placed at an angle of 35® to the line 
of sight as in our Mining Transits, thus adapting the instrument to the work in a mountainous couptry. On 
the other hand this change in the position of tlie verniers requires the level in front of the telescope to be 
carried beyond the limit of the plate in order to be of standard length and character, and although fully vro- 
tected in its partially exposed position from injury, by an improved guard surrounding it, it is, nevertheless, 
subject to slight changes in adjustment, as when compared with one mounted as shown in Transit No. 2, where 
verniers are placed at go° to the telescope. In all cases where this change in the position of the verniers is not 
deemed of sufficient importance, we advise to order our Transit No. 2. A small striding level, illustrated in 
Transit No. Id, can also be placed upon the telescope axis at an extra cost of 9 15. 00. 

* An Inverting Telescope of 1%" aperture, 10>^ Inches lon^ and with a power of 22 dia. 

can be supplied with the above transit in place of the regular erecting one < t n » additional cost, but the 
instrument must be made to order. This telescope is particularly well adapted for stadia work. 

t In a mountainous country, it frequently happens that a transit must be set up in places where it is ex- 
tremely difficult to ^et standing room to take both back and fore-sights. With the aid of a prism, attached to 
tiie eye-piece, all this can be done from the side of the instrument. 
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SYb in. at edgre of graduation. 
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Mountain Transit No. 2. 

(Shown with Solar Screen Attachment.*) 

For size, weigrht, particulars and extras of this instrument see opposite pag^e. 

Code Word (without screen), Forsythia. Price $252.00 

(For code words for Extras and changes from Forsythia, 
see pages C/y F and O of complete code at back.) 



* For description of this Solar Attachment see page 81 of the Manual, and for illus- 
tration and prices see pages 174 and 175. 
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The 4 i-^ Mountain and Mining Transit. 

For those desiring a Transit smaller than the 5}i^^ Mountain Transit just described 
and illustrated under No. 2, but larger than our Transit No. 4 (pages 182, 183), we fur- 
nish this one in size and weight between the two. With this exception the instru- 
ment is like our Transit No. 4, as will be seen by comparing tiie cuts. It has com- 
pound centers. With careful use, necessary only on acount -of its lightness,* it is 
capable of very accurate results. Owing to the short focal length and high power of 
the telescope we strongly recommend the inverting kind, although an erectingt one 
can be supplied to order. Instrument packed to stand upright in carrying case. 

Transit No. 4 J^ o„„^w«w^ * ^^^o 

/ ^ SPECIFICATIONS : — 

Horizontal circle 4^-lncl&, graduated on heavy inlaid ring: o' solid silver, double opposite 
▼emiers reading to minutes, two rows of figures to 360 in opposite directions, figures in- 
clined in the direction verniers should be read, verniers at 36<* to line of sight. 
Tertlcal circle 4-inch graduated on solid silver, don hie verniers reading to minutes. 
Telescope 7 Z^ -inch, objects Inverting^, aperture IYb inch, power 18 dia. 
Stadia wires, fixed, in ratio 1: 100. 

Spirit level 4-inch, with clamp and taneent screw to telescope. 
Plate levels both of standard lenerth and very sensitive. 
Magnetic needle 3-inch edge-bar fbrm having no index error; 
Shiftinfc center, to set instrument exactly over a given point. 

Punch mark on top of telescope, to enable to center the transit from a point above. 
Standards leather finish. 
Extension tripod.* 

The Mahogany case has a leather strap, hooks, etc. It contains a sun-shade, a wrench, a screw- 
driver, an adjustable plumb-bob, a magnifying glass, an adjusting pin, and weighs about 4 lbs. 

Weight of transit about 6% lbs. ; weight of extension tripod about 9 lbs. 

Gross weight of transit packed securely for shipment in two boxes, about 60 lbs. 

Codeword Genila. Price, $24 7.00 



Extras to Transit No. 4y2. 

Oradienter attachment _ *ia22 

Variation plate to set off all declinations E. or W. .^. ^.-^ . •„• ■ S'aa 

Prism and colored glass (plain form only permissible, Fig 3, page 175) »•"" 

Reflector for illuminating the cross wires J'JJY 

Short focus lens, pages 101, 203, one ... . • • „^ ' ' ^*00 

Bdge graduation for vertical circle, with a double vermer at eye end, page 198 52*IK 

Bdge graduation for vertical circle, with double opposite verniers, page 198 .. . JS'SX 

Patent interchangeable auxiliary telescope, style I, page 189 »7.tw 

Berger solar attachment with small telescope, pa^e 172 .^- . • VaiJa 

Split-leg tripod in addition to extension tnpod furnished with the transit .... JJ'XX 

Bracket in box, page 203 1*'®" 

Trivets, page 204 ok nA 

lateral adjuster, pa«e 205 ^%'^ 

lieather cover with shoulder straps IV'aa 

•• without " ." , : I'nft 

Hood to protect transit from ram and dust ^'Yr 

Bottle of fine watch oil ***** 



♦ We furnish with this instrument a heavy extension tripod, such as furnished with transit sise No. «• 
This secures to the transit the necessary great rigidity and stability. However, when rejuir^, we 
im furnish an extension tripod weighing 7 lbs. only (OTice bemg the ^^h^J^^^l^fJ^^ 
tripod, or in addition if desired for special purposes. We can also furnish the ^tiffer sphMgr tn^ 
weighing only 7H lbs. in place of the extension tripod. This we recommend very strongly whenever 
ap^icable. 
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No. 4>^ 

(4)^ in. at edge of graduation). 




5 
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Complete 
Mountain and Mining Transit. 

For size and particulars of this instrument, as ivell as for Kxtras, see opposite page. 



Code word, Glenila, 



Price, $247.00 



Digitized by 



Google 



180 
C. I*. BEBGEB Sc SONS. BOSTON 

41" MONITOR TYPE Transit. 

With Compass. Cylindrical Pivots to telescope axis. Wye- Bearings. 

This Monitor Type transit has been designed to meet a demand for a 
lighter instrument than size No. 5K Monitor Transit. 

The same general description of our No. 5}4 Monitor Transit, page 166, ap- 
plies to this No. 4c}4 Type with the exception that vernier B is single, which en- 
ables us to place an unusaally long, sensitive and fully protected front plate level on 
this small transit and does not project over the vernier plate. We do not famish a 
doable B vernier. On Jnst this one featnre alone this type with the double A 

vernier and the singrle B vernier is destined to supersede the regular types 
made, as it lessens the tendency toward errors. In general practice a reading on a 
Berg'er transit is at once accarate and sufficient. However, if the A and B doable 
verniers are wanted we advise ordering No. 4^ transit on page 179. 

The outer or contra clockwise row of figures on the horizontal circle and the 
corresponding figures of the right side of vernier A can be furnished in Red but will 
be made to order only, see cat. page 41. Instrument stands upright in carrying case. 

Monitor Transit No. 4:}4 

SPECIFICATIONS : — 

Horizontal circle 43^-inch, graduated on heavy ring of solid silver. A vernier is doable. 
B vernier Is single readingr to minutes, two rows of figrures to 960 in opposite directions. 
Figures inclined in the directions verniers should be read : Verniers at 35^ to line of sigrht. 
Vertical A.ro 4-inch, graduated on solid silver, double verniers, reading to minutes. 
Telescope S-inch, objects erect,* aperture iH inch, power 19 diameter. 
Stadia wires, fixed, in ratio 1 : 100. 

Spirit level 4-inch with clamp and tangent screw to telescope. 
Plate levels both of standard length and very sensitive. 
Magnetic needle 2^ inch edg^-bar form having no index error. 
Shifting center, to set instrument exactly over a given point. 
Punch mark on top of telescope, to enable to center the transit from a point above. 
Transit leather-finished. 
Extension tripod.t 

The Mahogany case has a leather strap, hooks, etc. It contains a sun-shade, a wrench, a screw- 
driver, an adjustable plumb-bob, a magnifying glass, an adjusting pin, and weighs about 4 lbs. 

Weight of transit about 6>^ lbs. ; weight of extension tripod about 9 lbs. 

Gross weight of transit packed securely for shipment in two boxes, about 50 ll)s. 

Code word OeminoL Price 

Monitor Transit No.4>^* as above, but with 4" full Vertical 
circle and aluminum guard in place of arc. 

Codeword Genony. Price 



Extras to Transit No. 4V6. 

Oradienter attachment • 5.00 

Tariation plate to set ofT all declinations E. or W 10.00 

Prism and colored glass (plain form only permissible, Fig. 7, page 175) 8.00 

Reflector for illuminating the cross wires 4.00 

Short focus lens, pages 101, 203. one 8.50 

ISdge graduation for vertical circle, with a double vernier at eye end, page 198 35.00 

Bdge graduation for vertical circle, with Rouble opposite verniers, page 198 . 45.00 

Patent interchangeable auxiliary telescope, style I, page 189 37.00 

Berger solar attachment with small telescope, page 172 6S.00 

Split-leg tripod in addition to extension tripod furnished with the transit .... 16.60 

Bracket in box, page 203 14.00 

Trivets, page 204 

Lateral adjuster, page 206 25.00 

liCather cover with shoulder straps 13.00 

without " *• 11.00 

Hood to protect transit from rain and dust 1.00 

. Bottle of fine watch oil -35 



♦An Inverting Telescope of IVi* aperture, 7X4* long, power 18 dia. can be supplied with 
the above transit in place of^the regular erecting one at no additional cost. This telescope is partic- 
ularly well adapted for stadia work. Made to order only. 

t We furnish with this instrument a heavy extension tripod, such as furnished with transit sue No. 2* 
This secures to the transit the necessary great rigidity and stability. However, when required, we 



can furnish an extension tripod weighing 7 lbs. only (price being the same), m place ^f the 9H lb. 

^^ — J __ :_ _jj:*:«_ :r j„:_^j *„- - — :„i „^ ^^ ^au also fumish the stifFer spht-leg tnpod 

d. This we recommend very strongly wnaiever 
applioab-le. " - " " _ .GOOglC 



tripod, or in addition if desired for special purposes. .. _ . -« - 

weighing only 7H lbs. in place of the extension tripod. This we recommend very strongly whenever 
pphcable. (^^ 
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No. 4>^ 

(454 in. at edgre of s^raduatioii) 



No. 4>^ Complete Monitor Type Transit 

For size and particulars of this ifiMtrument, an well as for Kxtras, see pag^e 180. 



Code word, Geminol 



Price, 



$248.00 



Cylindrical Pivots to telescope's axis running; in tlie Improved adjustable Wye- 
Block Bearing. The center point is located on a round hub on the telescope's axis to 
better distinpruish It In dark places when centering: under a point above the transit. 

The Eye-Piece Cap is large in diameter. It affords a protection to tlie eye of the ob- 
server in a glaring sun. It has been combined with a dust guard which fully protects 
the Eye-Piece focussing slide. * 

The Front Plate Lievel is fully protected. Improved licveling Head with dust caps 
to leveling screws. 

To avoid mistakes and to save time telegraph Code name. 
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The 4" Mountain, 



Mining and Reconnoissance Transit. 

The smallest Transit made by us. 

The cut represents a eomplete transit of this class, in every respect similar to our En- 
H^ineers' and Surveyors' larg^e transits No. 1 and No. 2, except in size and weig^ht. The 

verniers of the horizontal circle are placed at 36° to line of sight, unless ordered to be 
at 90°, when the transit must be specially made. The instrument has compound centers 
and is as carefully made as the larger ones, and with careful use, necessary only on ac- 
count of its great lightness,* capable of very accurate results. For use in mines, moun- 
tains and for explorers, travelers and for preUminaiy work of all kinds, as well as to 
fill in details, it is especially adapted. Owing to the small size of telescope and high 
power, we supply the inverting kind- The instrument is packed lying down. 

Transit No. 4 specifications:- 

Horizontal circle 4-inch, graduated on heavy inlaid rinjg' of solid silver, double opposite 
verniers reading to minutes, two rows of figures to 3S) in opposite directions, figures in- 
clined in the direction verniers should be read, verniers at 36° to line of sight. 
Vertical circle 4-inch graduated on solid silver, double verniers reading to minutes. 
Telescope 7>^-inch, objects inverting^, aperture IVs inch, power 18 dla. 
Stadia wires, fixed, in ratio 1:1UU 

Spirit level 4-inch, \^th clamp and tangent screw to telescope. 
Plate levels both of standard length and very sensitive. 
Magrnetic needle }8>^-inch edge-bar form having no index error. 
Shifting: center, to set instrument exactly over a given point. 

Panch mark on top of telescope, to enable to center the transit from a point above. 
Standards metal finish. 
Extension tripod.* 

The Mahogany case has a leather strap, hooks, etc. It contains a sun-shade, a wrench, a screw- 
driver, an adjustable plumb-bob, a magnifying glass, an adjusting pin, and weighs about 4 lbs. 

Weig^ht of transit about 5 lbs. ; weig^ht of extension tripod about 9 lbs. 

Gross weigfht of transit packed securely for shipment in two boxes, about 45 lbs. 

Code word Genista. Price, $247.00 

Mountain, Mining and R. Transit No. 4, as above, but 
-with arc only in place of full vertical circle and guard. 
Code word, Galanthus. Price, $238.00 



Extras to Transit No. 4. 

Oradienter attachment • **'52 

Variation plate to set off all dechnations E. or W SX 

Prism and colored g^lass (plain form only permissible, Fig. 7, page 175) ?*2S 

Reflector for illuminating the cross wires ^'^ 

Short focus lens, pages 101, 203, one S-JJ 

£dg:e graduation for vertical circle, with a double vernier at eye end, page 198 S5.00 

£dge gnraduation for vertical circle, with double opposite verniers, page 198 . 45.00 

Patent interchangreable auxiliary teles<sope, style I, page 189 ^ 1!S 

Berber solar attachment with small telescope, page 172 55'?X 

Split-leg tripod in addition to extension tripod furnished with the transit .... 16.60 

Bracket in box, page 203 14.0O 

Trivets, page 204 «» .„^ 

Lateral adjuster, page 206 ?5*2S 

Lieather cover with shoulder straps 5* 

without " " ?*52 

Hood to protect transit from rain and dust ^'o 

Bottle of fine watch oil •S'^ 



*We furnish with this instrument a heavy extension tripod, such as furnished with transit sise No. 2. 
This secures to the transit the necessary great rigidity and stability. However, when required, we 
can furnish an extension tripod weighing 7 11 
tripod, or in addition if desired for special pi] . 
weighing only 7H lbs. in place of the extension tripod, 
appUcable. 
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No. 4 

(4 in. at edge of graduattou.) 




Ell^tril1ll4i1lt 

Packod Lrjiiig I>owii 



Complete 
Mountain, Mining and Beconnoissance. Transit. 

For size and particulars of this instrument, as well as for Extras, see opposite page. 

Code word, Genista. Price, as above, $247.00 

(For code words for Extras and changes from Genista, 
see pages C, F and O of complete code at back.) 
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The 4" 
Complete Transit- Theodolite No. 4b. 

With Yoke Standards and Wye-Bearings. Without Compass. 
Size as in No. 4, pag^e 189. 

For triangulation, filling in details, etc., in secondary triang^ula- 

tion, also for explorers, engineers and surveyors where the large instruments 
described under No, 11, etc., become undesirable on account of their size and weight. 

The Yoke Standard frame is of our advanced pattern, cast in a single piece 
of aluminum* (unless ordered to be of brass composition), to gain great lateral stiff- 
ness, and is leatherized. The inverting telescope can be reversed over the bearings by 
turning the upper covers aside, and also in the usual way through the standards. The 
graduation of the horizontal circle and its verniers are protected by glass. 

If double opposite verniers are desired for the vertical circle the figures will then 
run from 0-90-0 and back (as in the regular field instruments), instead of clockwise with 
single opposite verniers enumerated below. A level is attached to the vernier arm 
(instead of to the telescope as in No. 4). This instrument will be made with three lev- 
eling screws only and packed lying down in its carrying case. 

Made to order oniy. 

Complete Transit-Theodolite No. 4 h, as in cut on opposite page. 

SPECIFICATIONS:— 

Horizontal circle 4:-inch (at edge of graduation), graduated on heavy Inlaid 
ring of solid silver, single opposite verniers read to minutes, one row of figures 
to 360; verniers at 90° to line of sight. 
Vertical circle 4-incli9 graduated on solid silver, single opposite verniers read 

to minutes, one row of figures 0-360 clockwise (unless ordered otherwise). 
Compound centers of bell metal. 

Telescope 7>^-inch, objects inverting:, aperture iv^ inch, power ISdia. 
Stadia wires, fixed, in ratio 1 : 100 

Spirit level 2}|^-inch, with reversible clamp and tangent screw to vernier ann. 
Striding^ level rests at points of contact in wyes. 
Eleadingr g^lasses to horizontal and vertical circles. 
Plate levels both of standard length and very sensitive. 
Shifting^ center, to set instrument exactly over a given point. 
Punch mark on top of ttlescope, to enable to center the transit from a point above. 
Standards leatherized (see page 9). 
^Extension tripod. 

The Mahogany case has a leather strap, hooks, etc. It contains a sun-shade, a wrench 
a screw-driver, an adjustable plumb-bob, a magnifying glass, an adjusting pin, and 
weighs about 7 lbs. 

Weight of transit about 6 lbs; weight of extension tripod 9 lbs. 

Gross w^eight of transit packed securely for shipment in two boxes, about 60 lbs. 

Price of Small Complete Transit- Theodolite No. 41>, sa de- 
scribed above and shown in cut (with extra vertical wires if desired for stellar ob- 
servation) 

Code word, Gorastis. $315.00 

Extras to Transit No. 4b. 

Compound centers made of steel running in sockets of cast iron to insure freest motion with 

perfect fit SaCOO 

Spirit level 4-inch with reversible clamp and tangent screw to telescope (see cut No. 4.) in ad- 
ditions to level to vernier arm shown m the opposite cut IS.OO 

Plain prlsni and colored grlass ( Fig. 7, page 175) 8.00 

Spllt-legf tripod in addition to extension tripod (latter furnished with transit) .... 16.50 

lieather cover with shoulder straps 12.50 

" without " " 10.60 

Hood to protect transit from rain and dust 1.00 

Bottle of watch oil ^SS 

♦ If desired, the U-shaped standard frame can be made of brass, weighing about 1 lb. 
more, no extra charge. If instrument is to be used near salt water, brass will prove 
more durable for this standard frame, as aluminum and its alloys are apt to be afEected 
by salt water, saline and alkaline vapors and liquids. 
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No, 4b. 

(<4in. at edge of g^radui&tiuiK^ 




Small 
Complete Transit- Theodolite No. 4b. 

For size and particularM of this instrument, as well as for extras, see opposite page, 

Code word Gorastis. 



For code words for Extras and changes from OorastlK 
see pages Fy G- and H of complete code at back.) 



Price, as above, $315.00 

Made to order only. 



For a transit of a similar description but with a 4>^-ineh horizontal circle, 

see next page. Made to order only. 
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4K " Complete Mine Transit No. 4k. 

With Yoke Standards and Wye-Bearings. Withoat Compass. 

For use where Transits sizes No. 2, 3 and 6 are considered too heavy and No. 4 and 4 b 

too llgrht in weigfht. 

The Transit shown in the cut on opposite page is best fitted for underground work 
on account of its fully enclosed vertical circle. However, with a change from this lat- 
ter type to any of our open forms of vertical circle, such as described and illusti-ated 
on pages 155, 159, 193 and 200, this instrument is equally well adapted for engineer- 
ing and surveying work of all kinds, and its price will be correspondingly lower. 

The Yoke standard frame carrying the Wye-bearings, combined with the larger hor- 
izontal circle, is of a type permitting of the placing of the plate levels of standard 
length and character, in a manner more satisfactory than in the 4-inch Transit No. 4 
described and illustrated on pages 182 and 183. This frame is of aluminum, and being 
cast in a single piece, gives great lateral stiffness to the telescope and its attachments 
and is leatherized or japanned as we deem it best. If desired, this frame can be fur- 
nished in brass, when the weight of the instrument will be increased about one pound. 
If the front plate level is desired to be in the center of the Yoke standards, as shown 
in the cut of the Engineers' Transit No. Im, then the height of the Yoke frame is 
thereby raised >^-inch and the external shape of the latter will be like that illustrated 
in No. 4 b Transit. The telescope reverses through the standards as usual. 

Instead of three level ingr screws, this instrument can have four, when a reduc- 
tion of $10.00 will be made from the price given below. 

Made to order only. 

Complete Mine Transit No. 4k. as in cut, with three leveling screws. 

SPECiricATIONS : — 
Horizontal circle 43^-inch (at edge of graduation), graduated on heavy inlaid ring of solid 
silver; double opposite verniers read to minutes, two rows of figures to 360 in opposite direc- 
tions; figures inclined in the direction verniers should be read, verniers at 30** to line of sight, 
glass covered. 
Vertical circle 4-inch, fully enclosed, edg^e g^raduation on solid silver, g^lass covered, 

double opposite verniers read to minutes, figured from 0-90-0 and back. 
Detachable reading grlasses with reflectors for horizontal and vertical circles. 
Compound centers oell metal. 

Telescope 7>^-inch, objects inverted, aperture 1^-inch, power 18 dia. 
Stadia wires, fixed, in ratio 1 : 100. 

Spirit level 4V^-inch, with clamp and tang^ent screw to telescope. 
Plate levels otstandard leng^th and very sensitive. 
Gradienter attachment. 

Shifting^ center, to set instrument exactly over a given point. 

Punch mark on top of telescope, to enable to center the transit from a point above. 
Illuminator shade. 
Extension tripod. 

Instrument packed to stand upright in carrying case. 
The mahogany case has a leather strap, hooks, etc. It contains a sun-shade, a wrench, a screw- 
driver, an adjustable plumb-bob, a magnifying glass, an adjusting pin, and weighs about 6 lbs. 
Weig^ht of transit about 5 lbs.; weig^ht of tripod about. 9 lbs. 
Gross weig^ht of transit packed securely for snipment in two boxes, about 45 lbs. 

Code word, Grallus. Price, $336.00 

This transit with an open face graduation to the vertical circle 

with double opposite verniers shown on page 155, but without reading glasses, 
Code word, Grumla. Price, $316.00 

Extras to Transit No. 4k. 

Center of steel running in sockets of cast iron, insuring freest motion with perfect fit . . 918.00 

Striding level resting at points of contact in wyes as in No. ii (applicable only when there is 

no style I interchangeable telescope ordered for this instrument) /SJS.OO 

lievel and springy tang^ent screw to vernier frame for the control of vertical angles as in 

No. 4b, in place of the level to the telescope, no extra charge. 

I^evel and spring: tang^ent screw to vernier frame in addition to fixed level to telescope, 10.00 

Solar attachment with small telescope as on p»ge 172 but with counterpoise .... 69.00 

Prism and colored glass (only plain form, Fig. 7, page 1 75, permissible) 8.00 

Short focus lens, pages loi, 203, one 8.50 

Patent interchangeable auxiliary telescope, style I, page 189* 87.00 

Split-leg tripod in addition to extension tripod furnished with the transit 16.50 

Bracket in box, page 203 14.00 

Trivets, page 204 .... 

I^ateral adjuster and trivet combined for three leveling screws, page 205 .... 36.00 

licather cover with shoulder straps 13.00 

" without " " . . . . 11.00 

Hood to protect transit from rain and dust 1.00 

Bottle of fine watch oil '35 

* The post to which the auxiliary telescope attaches to the main telescope is shown in cut; but this post is 
not furnished with instrument unless the interchangeable auxiliary telescope is ordered with the transit. 



Digitized by 



Google 



187 
G. Im BX:R6£R & SONS. 



No. 4k 

{4c )4 in. at edg^e of graduaUou>, 




patented. 



Complete Mine Transit, No. 4k 

With edge graduation and fully enclosed vertical circle. 

For use in Mines and Tunnels. 
Also for Bridge and Topographic work, etc., when provided with our open form 

vertical circle. 

(For a front view of this instrument see colored illustration ) 

For size, weight, particulars and extras of this instrument, see opposite page. 



Code word, Grallus. 

(For code words for Extras to Grallus, 

see pages F and H of complete code at back.) 



Price. $336.00 
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Mining Transits. 



All oi the {oregomginattumentSj particularly N OS. 21^ 4V6 and 4) we recommend 
for. general underground work. (The latter instruments chiefly on account of their 

« greater portabiUty and Ughtness.) The telescope may be either inverting or erect, 

^ and may have a prism attachable to the ordinary erectii^ or inverting eye-piece to 

S facilitate sighting in incUned shafts. We frequently attach to the cross-axis a side 

g telescope, swinging free of the plates, of nearly the same length and power, which per- 

o mits of vertical sighting up or down a shaft (see pp. 93 to 95). We also furnish at- 

^ tached above and parallel with the Une of sight of the main telescope of Nos. 4, 4t]^f. 

® 5 and 6, another one of shorter length and lesser power mounted on a central pillar cast 

l2 on to the cross-axis of the main telescope, as in Style I. (See interchangeable auxil- 

fl iary telescope, pp. 189, 192, 193, 95 and 96.) 

^ This latter telescope, which of necessity is of lesser power as compared with our 

3 regular side telescope, will in most cases be deemed sufficient, as sights in mines are 

^ short. Its power varies from 8 to 15 diameters, according as the telescope is erecting 

^ or inverting. We are, however, prepared to mount one of same length as our regular 

sj side telescope in cases where a complete revolution of cross-axis is not required. It 

M will be seen that vertical sighting up or down a shaft can be done with ease and accu- 

g) racy, and this latest device has nearly all the advantages of a telescope mounted on in- 

ft clined standards with none of its faults. When not in use the auxiUary telescope may 

g be removed at will and stored in the box. As will be seen by reference to the descrip- 

^ tion and cuts of this device, pp. 95, 96, and 189, the auxiliary telescope can also be 

g) readily attached to the end of the cross-axis of our Mining Transits Nos. 4, 4V6, 5 

p, and 6 when it becomes a side telescope. 

•_2 The ready interchangeability from top to side makes the auxiliary telescope one of the most 

^ desirable additions to a Mming Transit. 

fl To avoid errors in reading cardinal points, the compass ring is figured from 0° to 360*. the same 

as the horizontal circle. Mining instruments should have large vernier openings to admit of as much 
"^ li^ht as possible, and all graduations should be on solid silver. For the illumination of the cross- 
S wires, a small reflector is sometimes placed in the center of the cross-axis of the telescope of our 

o3 larger instruments; but as in the smaller telescopes much light is being cut out by its use, we prefer 

a> to attach a reflector shade in front of the object glass. 

Q 

g No. 5. Miningr Transit. — Dimensions as in No. 1 (unusually large size); 

S graduations on solid silver; verniers reading to minutes are provided with grmind glass 

g shades; 5-inch full vertical circle with aluminum guard; spirit level, fixed stadia wires, 

^ damp and tangent screws to telescope; extension tripod, etc. Price, $260.00 

u 

a No. 6. Mining? Transit. — Dimensions as in No. 2 (customary size); 

-Q graduations on solid silver; verniers reading to minutes are provided with ground glass 

1 shades; S-inch full vertical circle with aluminum guard; spirit level, fixed stadia wires, 
^ damp and tangent screw to telescope; extension tripod, etc. Price, $200.00 

^ Extras to Mining Transits Nos. 4, 4V^, 5, 6 and 7 

S Striding level (for description and illustration, see pp. 156 and 211) $20.00 

^ Stadia wires, fixed 3.00 

^ Disappearing cross and stadia wires for erecting telescopes (p. 190). Patented 6.00 

iQ Gradienter attachment for Nos. 5 and 6 5.00 

• Five-inch vertical circle provided with double opposite verniers (see p. 155) .... 20.00 

S Edge graduation for vertical circle with a double vernier at eye-end, which is glass-covered, 

g as in cut (p. 198) extra 36.00 

^ Edge graduation for vertical circle with double opposite verniers (p. 198) extra 45.00 

5 Patent short focus lens (pp. 103, 191). No. 1, $8.50; No. 2, $8.50; Nos. 1 and 2 . 16.00 

*Sd Reflector for illuminating the cross-wires 4.00 

^ Aluminum guard to vertical circle 4.00 

2 Prism, attachable to eye-piece 8.00 

^ Detachable side telescope with counterpoise (pp. 189, 193) 35.00 

^ Patent interchangeable auxiliary telescope. Style I, described on p. 96 and shown on p. 193 37.00 

g' Berger Solar attachment with small telescope (pp. 172-173) 52.00 

•g Arrangement for offsetting at right angles to telescope 5.00 

^ Quick leveling attachment for size No. 4, $20.00; for all other sizes 15.00 

g Half-length tripod 13.50 

7* Extra extension tripod 23.50 

O " split-leg tripod (see note to No. 3) 16.50 

**^ Pliunmet lamp (large size) 10.00 

^ *• " (small size) 8.00 

S Bracket in box, with strap, auger, and lever (Fig. I, on p. 203) 15.00 

I® Trivet (see p. 204) 

t^ Plumbing device for carrying a line down a shaft (p. 191), $3.00 each; per pair 6.00 

oj Patent Lateral Adjuster (p. 191) 25.00 

'^ Large plumb bob, weight 4 lbs., for use in shafts 7.50 

^ Bottle of fine watch oil .35 

^ Silk bag, to cover transit 1.00 

b Leather case for No. 4, with or without shoulder straps 10.50 to 12.50 

fg • No. 6, " " 13.00 to 15.00 
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Diaphragm tthDwini^ ar^ 
rangeincnl dt wires as ufle4 
witb our mine triifi»it»f to 
dlfltineuifth center horizon- 
tal wire from stadia wLrcs» 
tQ avoid mUtake^, 



Palfint«<d 




Couiplete Mining Transit, 

With Style 1, luterchaiiiL^t'abk' Aux- 

J 1 hi r y Tel o^t-opo . 

S^^e nti In >u>m. |>, 6, mul 7^ rnra ^'ueraL deM-rip- 
tiuu for !i^tj[o 1, etc., Sit*- iiageA 96-U7, For 

prire mid »tl[irhuic>iitv(| imgelH^ 

Nrjra, —With ihe addiium of the luteidian^tabEiz^ ^uxiU 
iary teJt;sC{}j>e pL^ [iti aid to tii£ customan' tuifit' iinnbite, vr'wh 
inai:^ Usk'^icOLitf in tht' ctnte^r at llie lihstrunient, the niD-jl difS- 
iiuli ca^in Hearing prqblern^ in iiiidt^TfunEntE flLirveyiii/j becdme 
ri£ unc? very sLMijjk and ahe reHuJCa tbtained aie >^£ aiccurate 
as lh^J&^> ui ^rfaee witrk — iahIi eIj, aid all sighi* fn the verti- 
cab iit.mc attv possible where ihif m^En tt-Jesc^ |jf will f^il, arkd 
ih& ^feriiml atid hririKontHk ani^tes ran be Tneasur^d wiiIj- 
ijkiE An offset or ci3rrt£:ti&nfi iitr tsctiitricit>' cau^"*! by thf 
diiiEaoce of tbe aiiJttUary telesccpc fruni thc^ nk^in tele;ic(>F'^> 
// a sH^cient ft} r^mtmbfr^ tih^n stf^-'fs ^c&me jmac- 
cfiiiA^f throfti^h tkf main felgsto^ wAeti i/ien.*UTiHg- tiari^ 
:^utai itttff/ei, to ^^ar^ir tki auxiliary tfiricope ok tc^, &xd 

Whtu ihe auxilu^r. i- li-^.,.^.^- W ^\,,^. l.ud, iLu irar*it i* 
jiut as serviceable fur sunauc wurk as any utiier. 

For use of the auxiliary telescope for astronomical ob- 
servations, see page 97. For finding meridian with its ai<l 
and the use of the solar, see page 71. 



OOQk 

All our transits are provided with a fine punch mark on top of telescope to enable to 
center instrument from a point above as well as from below. 
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The Berger Patent Mine Tachymeter KTos. 4, 4^/6 and 6. 

With Style I Patent Interchangeable Anxiliary Telescope (pages 97 and 193). 
See Mining Transits, sizes 4 and 6, pages 97 and 193. For price of instrument and extras, see pages 

182 and 188, 
Fig. 1. General arrangement of instrument showing upright post for auxiliary telescope, and a 



Fig. 2. 
Fig. 3. 



reflector attached to object-glass. 

Interchangeable auxiliary telescope; Fig. 7 its counterpoise. 



Auxiliary telescope at side when measuring vertical angles; also for making latitude observa- 
tions (see page 97), when sun is too high for observations with the main telescope. 
Fig. 4. Auxiliary telescope attached to vertical post for use as top telescope when measuring steep 
horizontal angles and when surface or meridian lines must be carried down a shaft when 



Fig. 5. 

Fig. 6. 
Fig. 8. 



objects cannot be seen by main telescope, as well as for time observations when sun is too 

high for observation with the main telescope. 

Side telescope placed parallel with the main telescope in emergencies by means of the strid- 



ing level: also showing manner of centering from point above. 

Patent short focus lens attached to main telescope, p. 100. 

Patent Disappearing cross and stadia wires; inclined wires indicating center for stadia wires, 

for erecting telescope, p. 122. Continuation on page 191. f~>^ t 
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Leather case with shoulder straps, 
prices see page 188. 



Fig. 12. Plumbing Device A and B for carrying a 
meridian or surface line down a shaft by 
the plumb-line method.* Fig. 14. 

Lateral adjuster attached to tripod with 
transit mounted upon it for ranging tran- 
sit on to given line. For description and 
method of application see page 205. 

Fig. 14. Shows in graphical manner the method of 
carrying a hne down into the shaft by 
means of the plumbing devices and lateral 
adjuster. 

* For valuable suggestions in carrying out the 
perfcrtion of tbi* d*ivi<'p wf art* indnbt™ to Mr, 
G. U. Potter p M. K.. of Hutte» MquL. 
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.22 Complete Mining Transit No. 6D, without Compass. 

3 P Shown with our Patent Interehangeable Aaxlllary Telescope, Style I. 

fl 2S (See pages 95 and 06.) 

§^fl8 Responding to many solicitations to make for mines containing magnetic ore, 

gg or an electric plant, a transit similar in style and accuracy to our No. 11 (see page 

180), we have designed the instrument illustrated on opposite page. It is light j 

portable J and of the same size o« our Nos. 4, 416, 2 and O transits; but, owing to the 

. . omission of the compass, the standards are cast in a single piece, affording greater 

lateral stiffness, with increased capability to withstand rough treatment. It is, 
adapted to all the complex conditions prevailing in underground work, and is very 

. . simple in style and manipulation. It possesses all the advantages, as regards 

accuracy of division, highest permissible telescopic power, and sensitive spirit- 
levels of larger instruments. With the interchangeable auxiliary telescope added 
for use in steep sighting, either on top or on the side of the main telescope, as 
required, it becomes a most capable mstrument for correctly solving what would 
otherwise require special instruments and methods. When the auxihary telescope 
is detached, it is just as applicable to the common work in the mine or on the 
surface as our regular engineers' and mining transits Nos. 4, 416, 2 and O. 

The U-shaped standard frame of the telescope is made of aluminum, covered 
with a fine dark Japan not affected by moisture; all other parts are finished in the 

• • same manner as in our other instruments. The plate-leveLs are of our standard char- 

acter and length, mounted directly upon the upper plate, where they are easily acces- 

S sible for the purpose of adjustment and ready observation, and are fully protected 

o S from falling bodies. The principal plate-level is directly under the eye-end of the 

g & telescope. The two opposite verniers of the horizontal circle are in line of sight with 

-^ S the telescope, and are protected from dripping water by cemented glass covers. The 

^'^ circle itself is provided with two rows of figures from 0° to 360°, in opposite direc- 

H'*^ tions, with double verniers to correspond to them (imless otherwise ordered). The 

( j^ ^ vertical circle, with figures from 0° to 180°, both ways from zero, has a double ver- 

I 3a nier, to enable the observer to read angles of elevation or depression with equal 

I 08 g facility, and is provided with an aluminum protection guard, which carries the vernier 

: -g 5 and also serves to readily adjust the latter to zero. Double opposite verniers can 

, i TS oo also be placed on the vertical circle, when the figures will run from 0° to 90° each way 

! g S ^'^ and back to zero. The transit has inverting telescopes (unless otherwise ordered). A 

> g d '^ ^ new and important feature of the instrument, which greatly increases its value, is this : 

* d 2 "^^ ^^® ^^ ^^ collimation of the main telescope is adjusted for distant, very near, and 

w) a <D * intermediate distances, by means of our recently patented device, to a nicety never 

-g d'5'5 before attained; and no readjustment for near distances is necessary except after a 

> opD ^ severe accident. 

.B S ^^ '^'^^ Style I interchaDg^eable auxiliary telescope described on pa^es 95 and 

!x3 'S ^» and illustrated on opposite page, is non-adjustable, but it has been so much improved 
."S ;S d a that the line of colUmation of its principal wire, which is the vertical one when used as 
^'S'^ 8 ^^P telescope, and becomes the horizontal wire when used as a side telescope, lies so 
"5 -§ g *« nearly parallel to that of the main telescope as to be practically correct in most cases. 

"S^.S® Preiflf/i< of Mining Transit No. 6D 11 lbs. 

S ^^H '* auxiliary telescope and counterpoise, each 12 oz. . IJ^ " 

ISO'S " extension tripod ..... about 9 " 

dg-^ i " instrument in mahogany box, with plumb-bob, sun-shade, 

®gjS3^ reading-glass, etc., etc. .... about 22 ** 

« 08 S m Gross weight of instrument complete, packed securely for shipment in 

£gS §) 2 boxes 50 '' 

S S-S A No. 6D. Mining Transit without Compass, as in cut, with Style I 

• 0? J=i $ Interchangeable Auxiliary Telescope. Horizontal and vertical circles, 5 inches; solid 
5 S ^ °° silver graduations reading to minutes; ground-glass shades; 5-inch level to telescope; 
^ i M 3 2 plate-levels; inverting telescope, 10 inches long by 1 J^-inch aperture; (if erecting, 
.t3 "g a-S 9^ by IJ^ inches); powers, 24 diameters; inverting auxiliary telescope 6 J^ by 1 inch 
2 S § a aperture; (if erecting, 7 by 1 inch): fixed stadia wires; gradienter; 2 illumi- 
5 S S * nator shades; extension tripod, etc. Price, complete as above, $327.00 

H -g H gj. Price, with double opposite verniers to vertical circle, extra, $ 5.00 

bt^ '' '' prism attachment to eye-piece " 8.00 

.3 ® " " quick leveling attachment '' 10.00 

p % " it;i//imi/ Style I auxiliary telescope less, 37.00 

Sg " with one illuminator shade only for main telescope " 4.00 

Our Interchangreable auxiliary telescope, beine of the mogt subgtantial construction 
and character, may also be used for findings meridian and latitude when direct 
observations cannot be made with the main telescope. See page 97. 
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Auxiliary Telescope. 



Call nterpoise. 





Complete Mining Transit, No. 6 ig^byGoOQlc 

With Patent Interchangeable Auxiliary Telescope (Style I.) ^ 



g ©^ Complete Wet-Mine Transit No. 6H, without Compass. 

©g For sole use underground. 

SS Shown with our Patent Interchangeable Auxiliary Telescope, Style 1. 

This Transit is of same size and has the same characteristic features described 
under No. 6D, pages 192-3, with this difference, however, that it is specially de- 
signed to meet the more exacting requirements existing in wet mines, with the object 
of fully protecting the horizontal and vertical circles from dripping water, and also to 
a certain extent from the action of fumes and gases, if used in coal-mines. To this * 
end the upper surface of the vernier plate of the horizontal circle is slanting down- 
ward, the vernier openings are raised above the surface, and special channels are pro- 
vided so that the water will run off immediately. The same can be said of the verti- 
cal circle, as will be seen in the illustration on opposite page. In order to more fully 
protect the main plate level from accidents, and to facilitate its reading from either 
side of the instrument in the dark, it has been placed just below the telescope in the 
center of the upper plate, and is fully protected by a guard. The yoke standard 
frame has therefore been remodeled, and like its prototype No. 6D, page 193, is of 
our most advanced design in this line, combining lightness with strength, beauty and 
general adaptation to poor artificial light. The verniers are so placed that no shadow 
can fall on and interfere with the reading of them in a faint li^t. The yoke 
standard frame, as well as the casing surrounding the vertical circle and the upper 
horizontal plate, is leather finished — mine waters and acids do not affect it (see 
page 9). 

Owing to the limited distance between the standards and the larger space occupied 

§ by the wholly encased vertical circle, no stride or revolving cross-level can be applied 

§* to this instrument. The plate level in the center, however, is one of sufficient length 

g g and sensitiveness to insure a full control of the motion of the line of collimation in 

^ -^ §* the vertical plane. The yoke standard frame enables to read steeper vertical angles 

^ *^ M direct with the main telescope alone, thus often obviating the use of the auxihary 

^ I*© telescope. The whole instrument is of sturdy build, and therefore will withstand 

O ;=3 *^ rough treatment. No water can come in contact with the vertical circle or verniers 

^ '9 fc* as they are completely enclosed in a casing resembling a disc in form, thereby aUow- 



e 






^ ing all water to trickle off while in use, but when the instrument is carried on the 

'S 'g 9 tripod or in hand it should be so held that the front surface of the vertical circle 

® § i^ is tilted slightly upward. 

^ ti Ti ,44 Owing to this disc-casing: this instrument is not so well adapted to surface work 

g § § where a strong wind pressure against the disc would produce vibrations of the instru- 

° rt ^ ment and g^reat liability to be blown over. However to meet a growing demand for a 

^'3 e« transit of type No. 6 H for surface as well as for mine work — where conditions in 

*g 3 .§ latter are more favorable — we can attach in plaCe of the fully enclosed vertical circle 

> fl' 8 ^^y o^^6 of the other open frame protected vertical circles, see pages 193 to 200. 
d '^ (T) Made to order only. 

•g ® g' No. OH Complete Wet-Mine Transit without Compass, as in cut, but 
j3 o having only one double vernier to vertical circle at eye end, with style I. Interchani^- 
%% ^ able Auxiliary Telescope. Horizontal and vertical circles, 6 inches; solid silver grad- 
•g^*o nations reading to minutes; ground glass shades; edge g^raduation for vertical circle 
® .^jJCJ fully encased; 6-inch level to telescope; 2 plate-levels ; inverting telescope, 10 inches 
I ^r^ long by li^-inch aperture ; (if erecting, 9| by 1^ inches) ; powers, 24 diameters ; in- 
§ S g verting auxiliary telescope, 6^ by 1 inch aperture ; (if erecting, 7 by 1 inch) ; lixed 
« d&j stadia wires; gradienter; 2 illuminator shades; extension tripod, etc. 
^ g* Price, complete as above, $352.00 

M H g^ 

S §^ Price, witli double opposite verniers to the edge graduations of the vertical 

. § ^ circle, extra, # 10.00 

5 I S *' *' ^^* glass covered graduation to vertical circle (in place of edge 

^§« graduation)withdoublevernier ateyeendasshownon p. 199 360.00 

S " 2 u i flat glass covered graduation to vertical circle (in place of edge 

§gM graduation) butwith two double opposite verniers,see page 199 860.00 

g a ^ u without style I. auxiliary telescope less, 37.00 

^gS a u style I. auxiliaiy telescope but with provision for same, «( 27.00 

v.1b& t» with one illuminator shade only for main telescope '* 4.00 

d & For other Extras see page 188. 

*C| > NOT£.— Our luterchang^eable auxiliary telescope, beings of the most substantial 

H S construction and character, may also be used for finding: meridian and latitude -when 
9 2 direct observations cannot be made with the main telescope. See pagre 97. 
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Complete Wet-Mine Transit. No. 6H. 

For Price and Description see* page 194* 
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Different Types of Vertical Arcs and Circles 
for Mine Transits, etc. 

The regular arcs and vertical circles shown in the Engineer's and Surveyor's Tran- 
sits No. lb, page 163, No. Ic, etc., commend themselves for their simplicity of style, 
accuracy of gr^uation and ease of reading. The latter" feature is particularly well 
attained in the above instruments where the double verniers are situated between the legs of the 
standard, where they are well protected from injury and can be read simultaneously with the level 
attached below. 

In mines and underground work, where often the Transit must be set up in cramped places 
and on stages erected in shafts, the difficulty of reading the vertical verniers without stepping aside, 
or without shifting the horizontal plate, becomes apparent. To improve these conditions and in 
order to obtain compactness the vertical arc in the older types of instruments, used extensively in 
the coal mines of Pennsylvania, is permanently screwed to the side of the standard. It is of larger 
diameter, and has a movable vernier arm. In other types the verniers are placed at the sides, as 
exemplified in No. 6d, page 193, etc., or the graduations are placed on the eage of the vertical cir- 
cle, which latter type embodies, however, a great deal of mecnanical refinement. 

All of these types have advantages and disadvantages, and therefore should be chosen simply 
with a view to attain highest efficiency of an instrument intende<i for special work. It will hardly 
be commendable to put the most refined style of vertical circle (requiring a more careful treat- 
ment — not to speak of its attendant greater cost to make and keep in repair) upon an instrument 
intended for the more ordinary jpurposes, while in changed conditions all these refinements may 
become necessary to obtain maximum efficiency under trying circumstances. 

To enable to make the proper selection for the various instruments the different styles are 
given below. 



The Pennsylvania Are* 




This arc is of lar^K^i dLmK^lci' than 
usual but is not stiirrSv r.if hi|[!h ni'cu- 
racy. It ditfers inni Dw tM^^iwUir ftn- 
in that it is perTimin'Utly h^'reweii 
to the standard, aiuL ihsu its itH^viibtti 
vernier arm can be rf Jidily set ut Keru 
and clamped to the uro^s nxtj* with the 
telescope i u any posi t i ^ mj , ■ f t : ili 11 1 1 ^ to | 
read vertical angh^r^. idn-i ^n niiitus' 
from the horizontal ]'! i^l Er. ;.|..>ui m ' 
to GOO as well as to rnid Alr^u VLTticaJ 
angles between any two [mi nt^, when 
by clamping the venii*^r arm at tl fir 
first point and then iM.luMiifr tb? telu- 
scope at second point the nngle rjiii \m 
read from of graduation. 

This arc can be attached, without extra cost, to any Transit of size and style No. 
1 and No. 2$ in place of a regular arc enumerated with instrument. Ma^e to order only. 



Code Word. 
Elou^ine. 




Movable Arc, 

(l'iit«li1ed,j 

This iii s*ii im]irnved furm ovar 
the PeHH^j IVAiiIii arr In ho far nn it 
iji cti" more ac:<nirfit« tl^di^lgu tlnMi^h 
fiinUar iij maiiUHilsition. The m*' 
in 1^1 re wed t4 f :l liiiit whit li 1a rev^ i 
Hble on the rmss ujii* uf rUe iele 
Hi^ope and 1!^ so urifin^t'd tlinl tlie 
hkib call bt^ rt;adlJy f^laiiipuil wtth 

telescope In any position and with- . j i.v -^ 

out straining the arc. I>uring non-use tlie arc can be clamped to the vernier frame ana tnerefart^ 
unlike the regular arc, never projects above the standards when the telescope is in reversed poa- 
tion. The vernier can be set to read zero by means of a tangent screw. i, ^ j 

The mechanical arrangement of the various parts of this device is, however, more compUcated, 
as will be seen from the cut, and on this account it is not only more expensive to make but is mor^ 
liable to derangement as compared with the Pennsylvania arc or the regular arc (page 163) fixed 
to the cross axis of telescope. Made to Order only. a»tti /ik/^ 

Price extra (above price enumei-ated for regular arc) • m. •i^ 0^ ¥l«>»Wf 
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Code Word — JieamatK Ml^bilMiM Jl Frict.% extra, $30.00. 

Mjide to order only. 

Sw^ i^age 155. 



The Beaman Stadia Arc. 

By means of this stadia arc there is determined rapidly and exactly the dififereuce in elevation 
between instrument and rod, and also the reduced horizontal distance to the rod, without the 
measurement of an angle as such ; without the use of either a vernier or a table, slide rule or diagram, 
and with but trifling computation. 

Stadia Arc The Stadia arc carries two scales: 
V. A multiple scale, used only for elevation determinations. 
H. A reduction scale, used only to reduce incUned stadia readings to horizontal. 

Index. Either scale is read by reference to an index adjusted to read the zero or initial point of 
the scales when the telescope is level. This adjustment is carefully made by us and should remain 
fixed. 

Slgrns Proved. The initial graduation of multiple scale is marked 50 instead of 0, so that its 
direct reading will indicate, and the notes afterward prove, the sign of the angular value thereby 
represented. 

To obtain desired multiple, therefore, subtract 60 from multiple scale reading and use algebraic 
remainder; e.g., if scale reads 56, multiple is 56— 60 = +6. If the scale reads 47, multiple is 47— 50 -= —3. 

The numeral 50 has been selected arbitrarily as a convenient one to use. 

Whole Numbers. A unique feature of the use of the multiple scale is that only such inclina- 
tions of the telescope are used as will give a whole number scale reading, the fractional part of the 
elevation being more quickly and accurately determined by a final rod reading. • 

There are upwards of 80 such graduations on the multiple scale (indicating multiples running from 
+40 to —40). The process involves setting the telescope so far as to catch one of these even divisions, 
thereby obtaining a whole number as a multiple and an easy multiplication. 

Difference in Elevation Between Instrument and Bod. 

Find such a whole number multiple arc setting (e.g., 55 or 42 set opposite index) as will throw 
middle stadia wire somewhere on rod, it does not matter where. The arc reading, minus 50, when 
multiplied by the observed stadia distance (in feet subtended) will give the exact difference in eleva- 
tion to that height on rod which the middle stadia wire now happens to cut. This height on rod is 
noted and allowed for as a final correction. 

Beduction of Observed Distance to Horizontal. 

The direct reading of the reduction scale, taken at the same pointing, gives the percentage of cor- 
rection (always subtractive) necessary to reduce observed stadia distance to true horizontal distance. 
This scale may be read to nearest division (per cent) or by estimation to any subdivision desired. 

Illustration — Suppose the observed stadia distance to be 6.40 (640 feet), and that the telescope 
is afterward inclined so that multiple scale reads 33, at which arc setting the middle stadia wire reads 
7.4 feet on rod. The multiple then is 33— 50 = — 17, and the computation for a foresight would 
be 6.40X— 17 = — 108.8; and —108.8— 7.4 = — 116.2 feet = difference in elevation between instnmient 
and base of rod. 

At above setting reduction scale would read 3 or 3%. Then 3% of 640=19.2 feet, and 840-19= 
621 feet=reduced horizontal distance. 

Difference in Elevation When Half Wire Interval is Used. 

If, however, the half wire intercept must be doubled to read a long distance, it may happen that 
no exact arc graduation setting can be found which will throw middle wire anywhere on rod. Then, 
instead, make such even arc setting as will throw lower wire anywhere on rod. (Can always be done 
if middle wire misses rod.) To height on rod thus cut by lower wire, add half wire intercept above, 
which obviously gives height of middle wire on an imaginary extended rod. Then compute as usual. 

niustrntion — If half wire interval is 4.2, the full distance would be 8.4 (840 feet). If multiple 
scale reads 46 while lower wire cuts rod at 9.2 feet above its base, the computed middle wire reading 
would be 9.24-4.2 = 13.4 feet. Then, with multiple of —4, compute as previously explained. 



Digitized by 



Google 



:i98 

Edge Oraduation for Vertical Circle 

with One Double Vernier at 

Eye-End. 

In the Transits for underground work provided 
with a full vertical circle it is often desirable to read 
the angles from the eye-end of the telescope, to en- 
able the manipulator to secure all his observations 
without stepping aside. The Edge Graduation shown 
here is in principle like that illustrated on Transit 
No. Od, page 193. The graduation is on the edge, 
protected by an aluminum frame, and the double ver- 
nier at eye-end is glass covered. The graduation is 
on solid silver and reads to minutes. It is made in 
a most substantial manner. In case of an accident 
the cost of repairing is considerably greater than 
that of the regular vertical circle. Made to Order 
only. 

Price of Edge-Graduation, as 
shown in cut, with double ver- 
nier at eye-end, glass covered, 
(extra over price of Transits 
Nos. 4, 5 and 6, enumerated 
with regular full vertical circle) $35.00 
Price extra over price of instru- 
ment No.6d . . . 25.00 



Code Word, 
Heliotrope* 




(Patented.) 




Code Word, 
Ed^ Graduation l^> I iHiJB^^W ^ 'if Hepatica. 

f or V erti< *a I C i rr 1 e 
with Two MiMible 
Opposit e V e r ii le r s 

This Edge tTimhiadwti 
is like that db^rril^eil mi- 
mediaitely aWiTp, Ilvu \m» 
two double upiHisih* y(jr- 
niers reading tn minutes, 
which male eg it in p'''"' 
ciplelike StyU- O, ]ia^i-> 155. 
Made to orrlfr tirily* 

Price of Edge Graduation, with two double opposite verniers, glass cov- 
ered, (extra over price of Transits Nos. 4, 5 and 6, enumerated 
with regular full vertical circle) $45.00 

Price extra for No. 6d 35.00 



f Pal en ted.) 



(Patented*) 



Berger Reading Glass and 
Retiector with icKii^tt'i- 
poise, for edge ^^radaaiJEHi 

Pi HO, $10.00 

Same for double opposiu! v ti- 
mers .... , 14..00 




lieralia. 
Hei^tana« 
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The Fully Enclosed Vertical Circle with "Edge Graduation. 

For Transits used only in Mines, Tunnels, etc. 
AppUcable to Transits No. 4, 5, 6I>, 6H, and 7. 

in distinction 
to the open 

frame form of 
the protected 
vertical circle 
shown in the 
foregoing illus- 
trations,designed 
to offer the min- 
imum resistance 
of the exposed 

area of a Transit to wind pr^isurtaiid to prt^ 
vent the instrument from being hlown m cr m 
surface surveying, we rt^commcnd, vrherc a 
transit is used only undvr ground, iht? fully 
enclosed type to protect ita sraduiitinaFi, us 
in the horizontal circle, fr4:nTi dripping waler^ 
and to a great extent ah-o from fumes und jfisoa exist- 
ing in mines. The vtriutT frttme sKowd in Vhh tut ia 
therefore so constructed lha+ Tt forms a shell wilhniit 
any openings except thon^c tor ihe gbss protected ver- 
niers. Two semi-dis(.s. which i:an be Kiaily rf]n()Vi.'d 
whenever desirable, fit into i his ^e-micr LikiryitiH shell 
at the back, thus encasing the %ertital cirde conipleldy, 
but allowing it to move freely with the telescope. No 
water can penetrate inside this shell at any time while in use, nor when carried on its tripod or in hand, if 
caution is taken to carry the instrument so that its front outside surface is slightly incUned in an upward 
direction. Made to order only. 

Price of vertical circle with edg^e graduation, as in cut, reading to 
minutes, but with only one double vernier at eye-end, glass-covered 
— extra over price of Transits No. 4, 5 and O, enumerated with 




Code Words 



regular full vertical circle 
Price, extra over price of Transit No. OD 



$35.00 Hestard 
25.00 Hestene 



Price of vertical circle with edge graduations as in cut, with two 
double opposite verniers, reading to minutes, glass-covered — extra 
over price of Transit No. 4, 5 and O, enumerated with regular full ver- 
tical circle 

Price, extra, for Transit No. 6D 



45.00 Hestite 
35,00 Hestium 



Tlie Fully Enclosed Vertical Circle with the Customary 
Face Graduation. 

For Transits used only in Mines, Tunnels, etc. 
Attachable to Transits Nos. 4, 5, 6, 6D, 6H and 7 

^ In this type the regular ver- 
tical circle and verniers with 
a flat graduation (pages iss 
and 103 ) are encased in a shell, 
closed at the back by semi- 
discs, to protect their gradua- 
tiOii, from dripping water, 
etc. In all other respects the 
design is similar to that de- 
scribed above for the edge 

graduation: verniers are glass-protecrL'c! Lind rc5tfl Ln 
minutes; glass shades if desired liin W addcil A 
striding level to rest on special collai^ between si fin - 
dards, can be attached if desired. IjUT aaly tfl Xos. 1 
and 6 Transits. Made to «rder only. 

Price of vertical circle with h ilat «rm^- 

nation as in cut, but with tnily one 

double vernier at eye-enil , gla.ss-'Wjvered, 

extra over price of Transits Noi*. 4, 

5, and 7, Having regular full vertical 

circle (see page 196) ' $30.0O 
Price extra over price of TrAii^lt 

N0.6D . . . 15.00 MC^^WIi Hestnla 

Price of vertical circle as in fiM^ mtli 
two double opposite verniers, glass 

covered, extra over price of Transits Nos. 4, 5, O and 7, having regular 
full vertical circle, $40.00 Hestota 

Price extra for Transit No. 6D 25.00 Hestra 




I'utentei]. 



Hestmos 
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The O.pen-Frame Protected Vertical Circle with the Customary 

Face Graduation. 

For Transits used in Surface and Mine Snrveying:. 
Attachable to Transits sizes No. 1^ fi, 3, 4, 5, 6 and 7. 




The aim of this dence^ which is 
similar to that i>f tatir gia55-jirof<<ctfed 
edge graduaijoti witJi G\}ca. Irame, 
page 198* '^ Eo pJjce tht sanie re- 
finement, jks. regards pralecibn froni 
dust or waTti, uiton the verlL'sl p-ad- 
uations, as vi\ih th.iL on tbi' hariznTTiral cirrle, 
when such Li rltjiir^ibie fnr the hijshcst class 
of work. All of rliese devices tend 10 incrcAse 
the ef&ciciiijy and life tti a graduadcn, fiut 
at the same_ tin]e com plica ic an iii!,tnjt)icnt 
and add a little to tlic urijzht rf eIiu i>pper 
part. ^atle to onler ivnly. 

Price CJf i>ro(ft»Hil vi^rtUiilHrrlr 

witlk open fr:iiihi^j ^is ill E'Eit, but _ _ 

with only one double vernier reading to minutes at eye-end, glass-covered, see 
Heliotrope page 198, — extra over price of Transits enumerated with full 
vertical circle, size Nos. 1, 2, 4, 5 and 6 $30.00 

Price extra over Mining Transit No. 6D 15.00 Hesudil 

Price of protected vertical circle as in cut, with tvx) double opposite verniers, glass- 
covered, — extra over price of transits Nos. 1, 2, 4, 5, 6 and 7, when enum- 
erated with a regular full vertical circle . $40.00 



Code word« 
Hestula 



Price of protected vertical circle with open frame as above, extra for Transit 
No. 6D 25.00 

Price of reading-glasses if desired for double opposite verniers, extra lO.OO 



Uesudra 

Hesydo 
Hetarda 



The Level to the Vernier Frame of Protected Vertical Circle* 




This feature, whiih emktlv 

tates the rtiidinB uf vertiral ...... 

without rfrquirinji; Ihr. instmnient la 
be leveled up EtL( urLitdy, can be added 
to any oF ihe forc^oinj; slyica of pro- 
tected verHi.iil arc J IS, wht-n so ordered 
with inslrumcnu 

As will tm sLtn^ the knd b piciced upon 
the verniiT framu, ^bnli latter hsi;-! :t spntif^ 
tangent srrf^r by whif li thu btibbk- cm be 
readily btuught 10 Ibe teiiK-r nf its l^i^je. 
When pmpcrlK adju^U'd l\f Iht' irisimmfnt, 
the bubble is reqitirtTl to U' in ila- CKTirfr 
when the Jtcro^ of ^erntt tk and vertical circle 
are in ctnnddtntx-K and wherj t]ie teltscopc 
is in a lioni'.r''n(a3 j-KKEtioii. 

>lmli' i*t ^^rrl^^r only, ^^^,^^^^^_,.^_ 

Price of level with tangent screw attached to any of the foregoing protected vertical * "w^ord 

circles, extra $12.00 Hetesy 
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Stride Lievels 

Besting^ on Special Collars between the Standards (pages 148 and 149). 
If desired, a stride level resting on special collars between the standards, so as to 
revolve with the telescope, can be attached to Mine Transits Nos. 5 and 6 only, if 
latter are not to be provided with a central post for style 1 or 2 interchangeable 
auxiliary telescope. This stride level cannot be attach^ to any instrument already 
made — such Transits must be specially made. Price, extra $20»00 

If a stride level of the above kind is to be attached 
to Mine Transits Nos. 5, 6 or 7, having style 1 or 2 
interchangeable auxiliary telescope, then the arrange- 
ment of the central post and stride level will be as 
shown in the annexed cut, shown also on page 209. 

Made to order only. 

Price, extra, $30.00 

Note. —A stride level resting on special 
collars cannot be attached to Transits size 
Nos. 4, 6D nor 6H. 

For adjustment of this stride level of improved 
form, see page 56. 

Patented. 

The Revolving Cross-Level for Mine Transits. 

This is a very ingenious device to con- 
trol the line of collimation of the telescope 
at any altitude, in place of the stride-level, 
but ovrins to the limited distance between 
the standards, and the short distance be- 
tween them and the vertical circle, it can be 
applied only to our Mine Transits Nos. 6 
and 6; or to No. 6I> if latter is provided 
with an open vertical circle of style shown 
on pace 193. 

IJnlike the regular detachable stride- 
level, this cross-level is permanently mounted 
upon the telescope's axis of revcliition by 
means of two adjustable irprights. Its advan- 
tagei) that itis revolvable between its uprights, 
and therefore enables to w^atch the bubble 
in very steep sighting. We recommend it 
only in cases where ^ regular stride-level 
cannot be applied owing to size and style 
of instrument, and where it is considered 
that some form of stride-level is a necessary 
adjunct to a Mine Transit. The adjustment 
of this device is somewhat more compli- 
cated than that of the ordinary stride-level (in comparison with which it is also ot a some- 
what minor degree of accuracy), but by the aid of the instructions given below it can be 
made at any time, if required. ^ j^lade to order only. 

Price, $35.00 




Patented. 



Code, Hetica 



Adjustment of the Bevolvingr Cross Level. 

To make the adjustment of the revolving cross levels level up the instrument approxiinately, iJace its supporting 



arms vertical and bnng the bubble of the revolving level to the center of its tube by the instrument leveling screws, 
aiKl damp horizontal plate. Now first verify the lateral adjustment of the revolving level by turning it on its axis 
some 2o to 30° eadb side of the vordcal. It this adjustment is made properly the bubble will stay in the midd e 
of its tube. If not, make it so (as in a Wye Level) by the two capstan-heEided screws at the side of the revolving 
level. 

Revolve the telescope 180° on its cross axis, turn the revolving level face up again, and see if also correct. If 
not, remove haM the error by the vertiad capstan-headed screws of the revolving Icivel tube and half by the vertical 
capstan-headed screws of the supporting arm (this latter must be done in order to also adjust the reviving levd 
simultaneously to the telescope's OOTizontal axis of revolution) and then repeat, if necessary. 

This bemg done, place the suoporting arms horizontal and also make the adjustment of the sup- 
portinflf am at 90 d^^ees to the former adjustment by the other pair of capstan-headed screws of the 
supporting arm and then revolve the telescope 180° to see if correct, and reoeat diis adjustment if necessary. 

These adjustments beinar made, it is well to reoeat all of them in Ihe above succession until perfected. Whoi 
this is accomolished, it will be necessarv to make the adjustment of the standards, so thnt thf telescope's axis 
shall be truly at rijrht angles to the vertiral axis of the instrument: in othf*r words, that the line of collimation travd 
in a truly vertical olane. This can be done and vmfied by simnlv tumina: the instrument 180® on its vertical 
c«iter and removing half the error, if anv. by the levelinar screws and the other half by the raising or lowenng, 
as the case mav be. of the vertical adTustine srrews nrovided on ant of the standards. 

On the whole, it is a somewhat delicate adjustment to make, reniiirinflr some patience, and is best performed 
on a window-all. When properly performed it is just as likely as permanent as that of the plate or a stride-leveL 

O 
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C. L. BER6KR & SONS. 

Flexible Jointed Arm with Magrnlfler 

Attachable to Any of Oar Transits for Reading^ the Vertical and Horizontal Verniers 




Code Word 



Price, $7.50 
Hetide 




The Adjustable Center 

On Top of Transit Telescopes used Underg^roand* 

Our transits are made mechanically so perfect 
that the fine punch-mark provided on top of the 
telescope, to enabl. tp center the instrument from a 
point above, is seldom more than one to two hun- 
dredths of an inch from the true center, without 
any other device, and is generally considered suffi- 
cient But for cases where even this small eccen- 
tricity is objected to,in mine and tunnel engineering 
of a very precise character, we have de\ised aD 
adjustable center, as shown in cut, to be attached 
to the post (or if there is no post, to the top of the 
telescope's axis, if same has been originally provided 
with a stud to receive it when being made) by means 
of which the center can be adjusted to be correct, enabling to set up the instrument undei 
a given point so that the prolongation of the vertical axis of revolution of the transit be 
truly in line with the plumb-bob hung from a point above, thus leaving nothing to be 
desired. — ^This operation can be very much simplified by the use of our lateral adjuster, 
see page 205.— When not needed, the adjustable center can be unscrewed and screwed 
in the box. If a top telescope is to be used, the transit proper should first be set up 
correctly under the given point. This done, the adjustable center can be removed and the 
top telescope screwed in its place. This device once properly adjusted to its transit by us. 
does not reauire any more attention in the future, unless the instrument should meet 
with an accident, such as bending of the standards, or of the telescope's axis, etc., when 
naturally, after it has been repaired, this adjustment of the centering device must again 
be made. 



Patented. 



Price of adjustable center 
Code word 



. . $3.50 

. HetiUo 

Digitized by VjOOQIC 




The Berger Bracket for Transit or Level. 

This bracket is designed for supporting the instrument under conditions when the 
use of even our extension tripod is inadmissible, and will be found a valuable auxiliary 
for mining work. The instrument can be screwed upon the bracket, as on a tripod, and 
the transit can be centred above or below a given point. The bracket is made of brass, 
so fashioned as to offer the greatest rigidity, and is furnished with an auger and a lever. 
Price, One bracket made for Transit No. 4, with four leveling screws in 

box, with auger and lever 114.00 

One bracket made for Transit No. 6, as above . . . .16.00 
Every additional bracket extra, for either size . . . . 9.00 

Price of Bracket as above (but for instruments with tliree leveling 
screws size No. 5 and 6) with instrument fastener and lateral motion 

packed complete in box with auger, etc 26.00 Hilgrlm 

Price of Bracket for transits with three leveling screws size No. 4 and 

4i inch 24.00 Hilitos 

Short Focus liCns Attachment. (For extended description see page 100.) 

The above cut of our wye level and Fig. II illustrate our patented Focus Lens 
Attachment, attachable to the object end of the main telescope, which permits the 
focusing of objects nearer than the range of the main telescope will permit. As a rule 
the main telescope can be made only to focus objects five to six feet distant from 
instrument. These lenses are generally furnished in pairs. Lens No, 1 will permit 
focusing of objects about 4 feet from instrument. Lens No. 2 will permit focusing of 
objects about 2^ feet from instrument ; used together they permit focusing of objects 
about two feet from instrument. 

The lenses are adjustable to the line of collimation of the main telescope and per- 
mit of a high degree of accuracy. They will often prove of great convenience as an 
auxiliary to view objects that are too near for observing without them. Attachable 
to transits Nos. 1, 2, 3, 4,5, 6, and to our wye and dumpy level. 
Price. Lens No. 1 18.60 

** *' *' 2 . . . . 8.60 

** Lenses** 1 and No. 2 C^'r\A^NVt> 

Digitized by VjOO^ Tc 
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Patented. 



The Berger Liateral Adjuster 

For Transits with FOUR leveling screws.* 
For use on tripods and trivets. 

The Lateral Adjuster shown above is an attachment, made of brass, separate from 
the Engineers' Transit and its tripod. It screws to the tripod and then the instrument 
is screwed on top of it. It is designed to range the line of sight of a Transit after 
it has been leveled up, quickly and accurately onto a given line which may be indi- 
cated by the plumbing wii-es A and B in a shaft, as shown in a graphical manner on 
page 191, or onto a line given by any two station points in a timnel or in surface 
work, without disturbing the position of the level bubbles. 

Being primarily intended for underground work the indicator wheel of the feed 
screw may serve as an aid in moving the instrument a required distance in the dark 
in ratio of hundredths and thousandths of a foot. 

TO OPERATE THE LATERAL ADJUSTER. — Screw it firmly to the tripod 
and also attach Transit to it. Place both index marks of the Lateral Adjuster in 
coincidence, and also place Transit about in the center of its shifting motion. Then 
place tripod firmly on the ground in such a manner that the longitudinal axis of the 
Lateral Adjuster is approximately at right angles to the line given by the plumbing 
wires A and B, and at the same time that the line of sight shall be as nearly in line 
with these wires as possible. Now level up carefully and move the line of sight of teles- 
cope on to wires A and B by the feed screw of the Lateral Adjuster until the inter- 
section of the cross-wires of the telescope and both plumbing wires are contained in 
the same vertical plane. When Trivets and Lateral Adjusters are ordered for old 
instruments the serial number must be given. ».^_— 



Weight 



Lateral Adjuster for transit No. 4 with four leveling 

screws, see large cut above 1^ lbs. 

This lateral adjuster provided with detachable trivet 

Topadil, see page 204 2 lbs. 

This lateral adjuster provided with detachable trivet 
Topalate 4^ lbs. 

Lateral Adjuster for transits No. 1, 2, 3, 5, 6 and 11, 

see large cut above 2 lbs. 7 oz. 

This lateral adjuster provided with detachable trivet 

Topana, see page 204 4 lbs. 7 oz. 

This lateral adjuster provided with detachable trivet 

Topalis 41b8.7oz. 

This lateral adjuster provided with detachable trivet 

Topaxset Gibs. 

This lateral adjuster provided with detachable trivet 
Topazula 8 lbs. 7 oz. 

Lateral Adjuster and Trivet Combined f see small cut 
above — for transits Nos. 1, 2, 3, 5, 6 and 11 
(when latter is provided with four leveling screws.). . 4 lbs. 6 oz. 

Lateral Adjuster and Trivet Combined, same as To- 
pixdil but with an adapter for use with transit 
No. 4 4 lbs. 6 oz. 

Lateral Adjuster and Trivet Combined,! same as To- 
pixdll but with instrument fastener for transits 
Nos. 1, 2, 3, 4, 5, 6 and 11 with three* leveling 
screws 51l3S. 



Price 



Code Name I 



$26.00 
30.00 
31.50 
26.00 
31.60 
31.60 



33.75 



80.00 



33.80 



36.00 



Topexura 
Topibus 
Topicomus 
Topilera 
Topimot 
Topiris 
33.00 pTopisine 
Topitel 



Topixdil 



Topodillo 



Topogony 



• For transits with three leveling screws, see Tunnel Tripod with centering and aligning de- 
vice, page 210. 

tThis device is to be placed upon the regular tripod head of our transits Nog. 1, 2, 3, 5, 6 
and 11, when these are ordered to be provided with THREE leveling screws, or it may be 
used independently on a bracket. As will be seen above there is also provided on top the instru- 
ment thread for attaching transits Nos. 1, 2, 3, 5, 6 and 11 having four leveling screws, so that all 
the above styles and sizes of instruments having either three or four leveling screws may be used 
interchangeably on this three-screw tripod. It is of great advantage when a variety of instru- 
ments are to be used on the same work. 
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F&tentecL 



The Lateral Adjuster screwed to a Trivet 

For Transits witli FOUR leveling* screws. 

For use in Tunnels and Underg^round Work of all 

kinds; also useful in tlie erection of long: 

Bridg^es, Factories and their 

machinery equipment, etc. 

For Prices and Particulars of these auxiliaries^ 
see pag^es d04 and 205. 



Digitized by 



Google 



207 




Patented 



with €iMtm'liisj niul AliKniiisr Jifvicr far inoving Trrtii^it wiHi ilirec It' veil tig- sere wa 
under or above a given point or onto a given line — see cut of No. lOb. 

The above tripod has been designed to facilitate the placing of our Transits with three 
leveling screws in the axis of a tunnel or onto a given line of sight. For this reason, in addition 
to our centering device, a lateral motion has been provided, which allows the Transit to be moved 
with ease and precision and without disturbing the position of the level bubbles mentioned in de- 
scribing the Lateral Adjuster for transits with FOUK leveling screws, page 205. 

This centering and aligning device is very simple to manipulate, but increases the weight of 
the tripod-head, particularly when the latter is wholly made of brass Thus the tripod-head for size 
No. 1 and No. 11 Transits is heavier by about 2% to 3 lbs., that for No, 2 about 2 to 25^ lbs., and 
for No. 4 about 1J6 to 2 lbs., and in the case of No. lO and 12 about 5 lbs. 

TO USE. — First place the uppermost triangular shifting piece, upon which the instrument 
rests, in the center of its motion, which is indicated by equal spaces all around it, and also place 
the lateral adjuster, which is the lower slide, in the center of its range, indicated by two small 
projections on the tripod head and slow motion piece of the lateral adjuster. 

Then place the tripod head in such a position that the motion of the Lateral Adjuster is 
about at right angles to the line of sight; after which level up, and center over or below the given 
point; then clamp the large winged central nut in the usual manner and apply a slight pressure 
by turning milled headed nut which acts against the spring of the instrument fastener. The in- 
strument IS now ready for angle work. 

TO USE THE LATERAL. ADJUSTER FOR ALIGNMENT. — Clamp the milled 
headed screw on top, bearing in mind that, in order to enable the feed screw to move the instru- 
ment during this lateral motion, toth the large winged central clamping nut on top of tripod and fastener 
spring below must first be released. 

Inasmuch as the pitch of the feed screw corresponds to tenths of a foot, each motion of a 
tooth of the star indicating wheel corresponds to a thousandth of a foot. Thus it will be seen that 
if the pointing of the telescope on a distant scale requires the instrument to be moved 1/ 1000th or 
6/lOOOths of a foot, as the case may be, that the manipulator turns 1 or 5 teeth around the index 
mark and the object will be attained. When the line of sight of the telescope is in the given line 
in the tunnel then slightly clamp the large winged central clamping nut on top of tripod and a<,ain slightly 
apply the spring of the instrument fastener. 

If in the course of operations the line of sight must be moved lateralljr, then the central 
clamping nut and spring nut must again be first slightly released from the shifting piece before 
any lateral motion should be attempted. 

To use the tripod head as a trivet, unscrew the extension legs and screw the three 4-inch iron 
legs in the places assigned them. It can then be used on brackets or any other special device 
rigged up to receive it m the axis of the tunnel. 

To obviate the removing of the legs so that attachment can be used as a trivet, a special 
tripod head, having centering and lateral adjuster devices, but without wooden legs, may be or- 
dered. This extra head complete would have the three 4-inch iron legs heretofore mentioned. 

After the Lateral Adjuster has been used, before putting it away, it will be well to clean it, 

!>lacing the triangular shifting piece, as well as the lower slow motion slide of the Lateral Ad- 
uster, again in a normal position, and then clamp both by the central clamping nut and small 
[nurled nut. 

The tripod is made with fine mechanical nicety and should be well taken care of in order to 
preserve it in good condition. 

This device (for instruments with THREE leveling screws only) is made in four sizes as 
follows : — 

Por Transits No. 1, 5 and 11, .... Code Name Topoltum 

** Transits No. 2, 3 and O, . . . . " " Topomara 

" Transit No. 4 " *' Toponia 

" Transits No. 10 and 12 " '* Toposmus 

The price of this lateral adjuster over the regular centering device &i^PBi^4ied with our tran-J 
sit tripods will be given upon application. ' O 
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Milling: Transit. 
Interchangeable with Lamp Targrets above Leveling Screws. 

Telescope is mounted on standards as shown in cut of No. 3, urith a doable vernier 
between the l^sof the standard, and is provided urith a striding^ level, see cut, page 156. 
Compass Needle 8*/a inch. 

The leading feature possessed by this instrument, as made by us, is that it can be interchanged 
with the lamp targets above the leveling screws (see opposite page) so that after they have been set 
up their relative position as to height and location wiU remain exactly the same upon being trans- 
ferred from one tripod to another. It is an instrument especially adapted to the work of an engineer 
in mines, and as such involves a great deal of apparatus not possessed by instruments intended for 
surface work. Two lamp targets are commonly supplied with an instrument of this kind, but fre- 
quently one only is ordered, according' to the character of the work for which it is intended. The 
trertical centers of the lamp targets have to be well fitted into the sockets of the leveling heads, and 
in consequence they cannot be furnished separately. - The engineer will therefore decide whether one 
or two lamp tarsets are necessary for this work. The lamp targets are of the same height as the 
transit measured from the base above the leveling screws to the Une of sight, and each is provided 
with two spirit levels. The targets can be revolved in the vertical and honsontal planes. By means 
of a tubulfur sight, situated on top of the target, the latter can be readily set in the direction of the 
instrument so that its face will he at right angles to the line of sight. The lamps can be raised or 
lowered at will, and can be detached whenever necessary. It is of the bull's-eye pattern, and the 
best lard-oil only should be burned in it. A disc of milk-glass placed between it and the target 
furnishes an illuminated background, against which the intersection and outlines of the target are 
seen sharply defined. Made to order only. 

-g, / Weight of Mining Transit No. 7, about 11 lbs. 

I g A I ** one lamp, " J *• 

I j I 'I " Mahogany box containing instriunent and one lamp, target, etc.. about 32 " 

al' I " one Extension Tripod, about 9i lbs.; two Tripods, ** 19 " 

J ^ I Gross weight of instrument, complete, packed securely for shipment in 2 boxes, about 70 lbs. 

Weight of Mahogany box, containing instriunent only, about . . . 22 lbs. 

'• " " " 2 lamps, targets, etc., " .... 26 " 

" three Tripods, " .... 28} " 

Gross weight of instrument, complete, packed securely for shipment in 3 boxes, about 120 lbs. 



IK 



No. 7 Mining Transit, size as in Transit No. 6, but with one lamp 
target as shown on opposite page; graduations on soUd silver; verniers reading to 
minutes are provided with ground-glass shades; 5-inch full vertical circle; aluminum 
guard; spirit level, clamp and gradienter screw to telescope; illuminator shade; 
striding level and fixed stadia wires, telescope moimted as shown on page 156, 2 ex- 
tension tripods, 2 plumb bobs, etc. Lamp target packed in instrument-box. 

Price, $380.00 

No. 7a. MiniDgr Transit, as above, but with 2 lamp targets, both packed in 
separate box, 3 extension tripods, 3 plumb bobs, etc. Price, $460.00 



Mining Transit No. 7 b. with Yoke Standards. 

No. 7b. Minings Transit, as shown in cut, with voke standards, compass 
with 2i-inch needle; 5-inch fuUy protected vertical circle with face graduation; 
double opposite verniers reading to minutes, glass covered; interchangeable auxiliary 
telescope. Style I; striding level; stadia wires; illuminator shade; gradienter* ad- 
justable center for accurately centering instrument from a point above; one lamp 
target packed with instrument in one box; two extension triixKls; two plmnb bobs. 
Weight, size, etc., as above in Transit No. 7. Price, $492.00 

No. 7b. Mining Transit, as above, but with two lamp taigets both packed in 
separate box, three extension tripods, three plumb bobs, etc. Price» $572.00 

For price of extra attachments, see Extras to Mining Transits, page 188. 

Nora. — To interchange the instrument and the lamp target proceed as follows: — First withdraw 
the spring bolt of the lower clamp for the outer center by means of the small milled-headed nut at the 
end of the clamp opposite the tangent-screw. Then loosen the clamp screw immediately above the 
leveling head. Now upon pulling back the spring bolt, situated at the side of the clamp, the instru- 
ment or the lamp can be detach^ by lifting it out of the socket in the leveling head. These sockets 
as well as the clamps, which serve to fasten the instrument or lamp target to the leveling head, 
should be kept free from dirt or srit. After clamping the instrument to the leveling head, to pre- 
vent any motion in its socket, and then releasing the small milled-headed nut from its fastening on the 
spring bolt of the lower tangent-screw, the transit is ready for work and can be manipulated the 
same as other instruments of our construction. 



For adjustment of the transverse striding level, see page 66. 
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Mining Transit interchangeable with Lamp Targets 
above Leveling Screivs. 




Mining: Transit No. 7b. 

With Yoke Standards. 
As made by C. L. Berger & Sons* 



Pateiited 
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Tunnel Transits. 

No. lOa Tunnel Transit with four leveling screws and without laterai 
- adjuster, otherwise as enumerated below and shown on opposite page. 

SPECIFICATION : — 

Horizontal circle 6^-inch, graduated on solid silver, double opposite verniers reading to 20''t 

two rows of figures from 0*'-3eo**. 
Telescope 12-inch inverting, aperture 1^-inch, power 28 dia., telescope reversible over the bearings 

as well as through the standard frame, reversible clamp and tangent screw. 
Spirit level to telescope, 6-inch. 
Striding^ level resting on special collars, 3^-inch. 
Stadia wires fixed. 
Reflector. 
SUftingr center. 
Standard frame of aluminium or brass, latter preferred on account of its greater resistance to 

gases and fumes. 
Extension tripod Made to order only. 

Code word, Mobaco. Price, $292 



No. lOb. Tunnel Transit as in cut, with three leveling screws ; tunnel tripod 
with centering and aligning device. 

SPECIFICATION : — 

Horizontal circle 6;^-inch, graduated on solid silver, double opposite verniers reading to 20", 

two rows of fiffures from 0*-360**. 
Telescope 12-inch inverting, aperture l^-inch, power 28 dia,, telescope reversible over the bearings 

as well as through the standard frame, reversible clamp and tangent screw. 
Spirit level to telescope, 6-inch. 
Striding^ level resting on special collars, 4^-inch. 
Stadia wires fixed. 
Reflector. 
Shifting^ center. 
Standard frame of a^^minum. 
Extension tripod. Made to order only. 

Code word Mobalis. Price, $342 



No, lOc Tunnel Transit as in cut on opposite page and as described in No. 
10 b, but having an extension tripod with stiifting* center only as shown 
inNo. llf. 

Made to order only. 

Code word, Mobatony. Price, $307 



£xtras to Tunnel Transit No. 10 a and No. 10 b. 

Lateral adjuster for transit No. 10 a with four leveling screws . , $26.00 

7-inch horizontal circle, double opposite verniers reading to 10 sec.,* extra. 30.00 

6-inch full vertical circle, solid silver graduation, double opposite verniers 

reading to minutes, as in cut, page 214 60.00 

Reading glasses to horizontal circle 15.00 

Striding level resting at points of contact in Y's (instead of resting on spe- 
cial collars as in cut) extra . 10.00 

Aperture, l>^-inch instead of If^-inch, length of telescope 12 or 13>^ inch 

long, powers respectively 28 or 34 dia. 10.00 

Gradienter attachment » . .6.00 

Steel center running in cast-iron socket 20.00 

Extra extension tripod, with shifting center only, for transit having 3 level- 
ing screws 32.50 

* Detachable reading glasses should always be ordered for a 10 nee. graduation. 
For additional Extras to Tunnel Transits, see Extras to Mining Transits. r^f^r\]p^ 




No. 10 b 
Tunnel Transit 

With three leveling^ screws mounted on tunnel tripod with Shifting^ Center and 
Aligning^ Device. See pag;e 207. 



For Price and description of the above instrument, as well as list of extras, 
see preceding page. 

Codeword — Mobalis. Digt.ed by GoOglc 
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Triangulation Transit- Theodolites. 

For use in Cities and in Bridg^e and Tunnel Construction, etc. 

Since the introduction by us in 1876 of this style Transit with Yoke standard frame 
cast in one piece and mounted directly on the top flange of the inner center, the de- 
mand for them in all lines of engineering requiring high accuracy has attained so great 
a magnitude, on account of their excellence, as could not be foreseen at that time. 
Many of these instruments are in use in the survey and triangulation of our largest 
cities, and are giving great satisfaction. Many also have been supplied to Colleges and 
are in use in State and Boundary Line surveys. 

The great lateral stiffness attained by this form of standard frame enables to make 
the triinnions of the telescope's axis cylindrical and to mount them in wye-bearings, 
thereby securing to the telescope the most .accurate movement in the vertical plane 
known. The telescope reverses through the standards as usual and over the bearings. 
The trunnions are protected by dust-caps, and wherever possible capstan-headed 
screws will take up any looseness between these dust-caps and the trunnions. 

These Transit-Theodolites are made with three or four leveling screws. 

No. 11. Plain Transit-Theodolite, with four leveling screws, as in cut, 
on opposite page, but without level, clamp and tangent screw, vertical arc, or strid- 
ing level to telescope ; in all other respects as in cut of No. 1 Ic Specifications : 
horizontal circle 6 X inches, slngrle opposite verniers, asinfig 5 page 38, read- 
ing to 20", glass protected graduation and verniers, one row of figures to 360 
clockwise ; i2-inch inverting telescope, aperture 1^ inch, power 28 diameters, 
achromatic eyepiece ; telescope is reversible over the bearings, as well as through 
the standards ; long compound centers of hard bell-metal ; shifting center ; split- 
leg tripod; aluminum standard frame — leather-finished; mahogany box with 

screw-driver, reading glass, adjusting pins, etc. 

Made to order only. 

Code word, Mobax 

If instrument is desired with an erecting telescope of 24 diameters, add to code 
word **ereet.'* 

Weight of instrument, about 14 lbs. Weight of tripod, about 10 lbs. 
Gross weight packed in two boxes, ready for shipment, about 60 lbs. 

Price of Plain Transit-Theodolite No. 11, as above, with four 

leveling screws $225.00 

Extras to Plain Transit-Theodolite No. 11- 

Three leveUns; screws with shlftinsr center (see page 52) .... 15.00 
7-inch horizontal circle reading to 10" by single opposite verniers, single 

row of figures 0° to 360*» clockwise 30.00 

Beading glasses to horizontal circle (should always be ordered with instru- 
ment reading to 10") 15.00 

Reversible clamp and tangent screw to telescope, but without level to 

latter 16.00 

6-inch spirit level with reversible clamp and tangent screw to telescope . 30.00 
3-inch striding level, as in cut, to rest On special collars to revolve through 

the standards 20.00 

5-inch striding level resting at points of contact in wyes, see page 214 . 30.00 

5-inch vertical arc, as in cut on opposite page . . . . . . . 20.00 

5-inch full vertical circle, (as in cut page 214) hut with only one double 

vernier reading to minutes at eye-end ; reversible tangent screw . . 45.00 
5.inch vertical circle. See cut page 214, double opposite verniers reading 

to minutes, reversible tangent screw 50.00 

3-inch level to vernier frame of vertical circle, see cut page 214 . . . 8.00 

Two reading glasses to vertfcal circle, see cut page 214 10.00 

stadia wires, fixed, ratio 1:100 » . . . . 3.00 

Gradienter screw ............ 5.00 

Center of instrument of steel running in a socket of cast iron, for instrument 

with three leveling screws, having no compass 20.00 

Oblong compass mounted on vernier plate at side of standard, with motion for 
setting off the variation (three-inch needle reads only a few degrees each way 
from zero) [For instruments with bell-metal centers only] 16.00 
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No. lie. Complete Transit-Theodolite with four leveling screws, (size 
and particulars as described in Plain Transit-Theodolite No. 1 1 ) but with level, 
clamp, and tang^ent screw, 5-inch vertical arc, striding^ level, and 
iixed stadia wu*es to telescope, as shown above. 

Made to order only. 

Code word, Mobaya. Price, $300 

For Extras see list of Extras to Transit-Theodolite No. 11. 
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No. lib. 



Complete Double Opposite Vernier Attachment to 5-inch Vertical 

Circle, with Level, Reading Glasses and reversible 

Tang^ent Screw to vernier frame. 

Attachable to Plain Transit-Theodolites No. 11, page 212 and lid. 

NOTB.— The telescope in the above cut has no level attached to it, as is frequently the case in 
these instruments, and in consequence the vernier frame of vertical circle carries a 3-inch level by 
which a complete control of the position of its verniers is assured when vertical angles are measured. 

For price and particulars see Extras to Plain Transit-Theodolite No. 11, 
page 212. 



Triangulation Transit- Theodolite. 

For use in Cities, by Collegres, and in Bridge and Tunnel Congtrnction. 

No. lid. Plain Transit-Theodolite with tliree leveling screws, as in 
cut on opposite page, but witliout reading glasses to horizontal circle, also with- 
out level, clamp, tangent screw, vertical arc and striding level to telescope. Yoke 
standard frame is of aluminum and of pattern shown in No. llg. 

Specifications : — 

Horizontal circle 6X-inch, single opposite verniers (as in fig. 5, page 38) reading 
to 2(y, glass protected graduation and verniers, one row of figures 0° to 860° clockwise; 
12-inch inverting^ telescope, aperture 1^-inch, power 28 diameters, achromatic eye- 
piece ; telescope is reversible over the bearings and through the standards ; long com- 
poimd centers of hard bell and phosphor bronze metal; shifting center (see page 52). 
Mahogany box contains reading glass, screwdriver, wrench, adjusting pins, etc. 

Made to order only. 

Code word, Mobeda. 

Weight of instrument about 14 lbs. 

" *' tripod about 13>^ lbs. 
Gross weiglit, securely packed in two boxes for shipment, about 60 lbs. 

Price of Plain Transit-Theodolite No. lid, with three leveling screws, 
as described above $245.00 



For extras to Plain Transit-Theodolite No, lid see Extras to Plain 
TiAnsit-Theodolite No. 11, page 212. 
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No. 11 f. 
Complete Transit- Theodolite. 

For use iu Cities, in Tunnels, and for Triang^ulation. 
As made by C. L. Berg^er & Sons. 

No, 1 1 f • Size and particulars are in all respects like those desc: ibed under No. 
11, page 212, and No. lid, page 214, but having three leveling screws, reading glass- 
es to horizontal circle, level, clamp, and tangent screw, five-inch vertical arc, gradien- 
ter, fixed stadia wires, and striding level to telescope as shown above. 

Made to order only. 

Codeword, Mobekia 

Price, $343.00 

For Extras see Extras to Plain Transit-Theodolite, page 212. 

(For Code Words for Transit-Theodolite and Extras and changes see page J, 
Complete Code at back.) 
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No. 11 m. 
7-Inch Complete Transit- Theodolite. 

SPECIFICATIONS :- 

No. 11 m Transit-Theodolite as in cut on opposite page. 

Horizontal circle 7-inch, single opposite verniers reading to lO^, one row of 
figures 0°-360° clock-wise, reading glasses to horizontal circle. 

Vertical circle 5-inch, with one double vernier at eye end reading to single min- 
utes, one row of figures from 0°-90°-0°. 

Level to vernier frame with reversible tangent screw. 

Telescope 12-inch inverting, aperture 1^-inch, achromatic eye-piece, power 28 dia., 
telescope reversible over the bearings as well as through the standard frame and 
provided with reversible clamp and tangent screw. 

Striding level at points of contact in wyes. 

Stadia wires fixed. 

Liongr compound centers of hard bell-metal. 

Shifting center. 

Standard frame of aluminum, leather-finish. 

Split-leg tripod. 

Instrument packs in one box of mahogany. 

Made to order only. 

Weight of instrument about 14 lbs. 

*' '* tripod about 13>^ lbs. 

Gross weight packed in 2 boxes ready for shipment, about 60 lbs. 

Code word, Mobeky Price, $385.0O 



Extras to Transit- Theodolite No. 11 m. 

Steel centers running in sockets of cast iron to insure freest motion 

with perfect fit $20.00 

Two double opposite verniers to vertical circle (as in cut page 214» in 

place of one double vernier only at eye end) 10.00 

Two reading glasses to vertical circle 10.00 

6-inch spirit level to telescope » « . » . , , o i, 16.00 
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No. llni. 
7-inch Complete Transit-Theodolite. 

For use in Cities, Colleges, State and Boundary-Iiine Surveys. 

For fitze. Price and Particulars, see preceding page. 
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No. 11 g. 
7-inch Complete Triangulation Transit- Theodolite. 

SPECIFICATIONS : — 

No, 1 Igr Transit-Theodolite, as in cut. 

Horizontal circle 7-inch, one row of figures 0° to 360° clockwise, single opposite 
verniers reading to 10". 

Vertical circle 6-inch, open-form face graduation, glass protected verniers, one row 
of figures 0° to 360° clockwise, single opposite verniers reading to 30". 

Level to vernier arm w^ith reversible tangent screw. 

Readings glasses to horizontal and vertical circles. 

Telescope 12-inch inverting, aperture 1^ inch, power 29 diameters, telescope re- 
versible over the bearings as well as through the standards and provided with 
reversible clamp and tangent screw. 

Spirit level to telescope, 6-inch. 

Striding* level at points of contact in wyes. 

Stadia wires fixed. 

Gradienter. 

Shifting center. 

Standard frame of aluminum, leather-finish. 

Made to order only. 

Codeword, Mobello. 

Price as above, $466.00 

This instrument with steel centers running in sockets of cast iron to insure freest 
motion with perfect fit extra 20.00 

Weight of instrument about 16 lbs. 
" *' tripod about 14 lbs. 

Gross weight of instrument, complete, packed securely for shipment m 2 boxes, 
about 60 lbs. . 
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No. llg. 

C, L, HfTB*?r * Sons 



7-inch Complete Transit-Theodolite. 

For use in Cities, Triang^ulation, Tunnels, Colleges and Boundary-Iiine Surreys. 

For size, weight, particulars and extras of this instrument, 
see opposite page. 
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ISO. 12. 
8-inch Transit for Triang^ulation. 

As made by C. L. Berg«r & Sons. 

No. 12. The form of frame chosen for mounting the telescope is similar to that in the 
cut, which permits the reversal of the telescope through the standards as well as over the 
beaurings. It is of improved design and somewhat resembles that shown on page 219. It is very 
stiff and very steady in strong winds, and being of aluminum, very light. 

The inverting telescope has a clear aperture of 1} inches, focal length of 13} inches, power 
28 to 32 diameters, reversible clamp and tangent; six-inch vertical arc graduated to read to 
30* by a double vernier between the legs of the standard frame, figures run from 0** to about 
45® each way. The horizontal axis of the telescope is provided with a 4}-inch striding level 
resting at points of contact in wyes. The horizontal circle is 8 inches in diameter, single op- 
posite glass-covered verniers reading to 10^ one row of figures 0° to 360° clockwise, with 
reading glasses. The radius of the three leveling screw-base is larger than usual, and as the 
head of the tripod is proportionately larger, the instrument has great stability. It is provided 
with a shifting center. The Yoke standard frame will be japanned or cloth finished, as we 
deem it best. In this, as in all our instruments, the fine appearance and general character 
depends principally on simplicity of design, coupled with fine workmanship, and a high state 
of eflBciency of every part. Other parts that cannot easily be finished and lacquered in the 
usual — but mostly antiauated — manner, are therefore also treated in japan. 
This is in line with good taste and modern thought and improvements, to enable us to unite 
as many pieces as possible in one to secure great stability and steadiness under all conditions 
in order to arrive at quick and thoroughly reliable results. Made to order only. 

Weight of instrument, 18i lbs. ; weight of tripod, 19 lbs. 

Price as above, $405.00 

This instrument without arc and clamp to telescope, less $35.00 

No. 12a Transit with a six-inch full vertical circle (instead of with arc as shown in 
cut) vernier frame all op>en as in style No. 1 lb page 214, single opposite verniers 
reading to 30^^, one row of figures 0° to 360° clockwise, reading glasses, level to vernier 
arm $443.00 

No. 12b Transit with a slx-lnch vertical circle with protected open-form vernier frame, 
face-graduation, single opposite verniers glass-covered, as shown in cut page 219, reading 
to 20", one row of figures 0° to 360° clockwise, reading glasses, level to vernier arm, 

$473.00 




Illumination of Cross Wires by Mir- 
ror, Electric Bulb and Dry Battery. 

This feature with the battery attached to a 
tripod leg is very convenient, but is open to the 
objection that the small mirror* placed as it is in 
the center of the telescope cuts out the best rays 
of the object glass and at a point where they al- 
ready considerably converge toward the eye piece. 
For this reason the simpler form of attaching a 
reflector in front of the object glass is generally 
preferred for the smaller transits. 
Price, when ordered with Transit Theodolites 
No. 12 to No. 15 $22.00 

*The mirror can be removed when not needed for illu- 
minating purposes. 
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No. 12. 
8-inch Transit for Trian^rolation* 
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8" Alt-Azimuth. 



SPECIFICATIONS : 

No. 15 Alt-Azimuth, as in cut. 

Horizontal circle S", one row of figures to 360 
clockwise, single opposite verniers reading to 5". 

Vertical circle 7", open-form face graduation, 
glass-protected verniers, one row of figures to 90 
to 0, double opposite verniers reading to 10*, red and 
black figures. 

I/evel to vernier arm with reversible tangent 
Hcrew. 

Reading: grlasses to horizontal and vertical circles. 

Telescope 12* inverting, aperture H*, power 30 
diameters; telescope reversible over the bearings, as 
well as through the standards, and provided with re- 
versible clamp and tangent screw. 

Striding: level at points of contact in wyes, S'.long, 
2 seconds of arc for 1 division of 2 millimeters. 



[Electric axial illumination, with reflector in 
telescope. 

Trunnions, Invar steel. 

Diag^onal eye-piece, power 39 diameters. 

Centers of steel or bell metal. 

Wires, 5 vertical time wires, with interval of 10 
equatorial seconds; 2 horizontal wires closely spaced. 

Ring: <>n leveling: piece, to lift instrument. 

Tripod, full length, split-leg, witlioat shifting 
center. 

Standard frame of brass or aluminum, leather 
fiiiish. Made to order only. 

Code word 

Price upon application. 

Weig:lit of instrument about 27 lbs. 

of tripod about 17i lbs. 
Gross wei^lit of instrument complete, packed 
securely for shipment in 2 boxes, about 100 Ibe. 
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No. 15 a* 
Alt.- Azimuth. 

Alt.-Azimuth9 as in cvl. Graduations of hVs inch circles on solid silver, two 
opposite micrometer-microscopes for each circle reading to 10'', and by estimation 
to 2''. Botii circles can be shifted, so as to bring different parts of the graduation 
under the micrometer-microscopes. The telescope is 10 inches long, has an aperture 
of m inch and a power of 24 diameters. Telescope is provided with a level on top 
and with 3 horizontal wires for leveling and for stadia measurements, and if desired 
with 5 vertical wires for star observation. The telescope must be reversed in its 
bearings by hand. Telescope axis is of hardened steel. The striding and microscope 
levels read to 5" of arc. Two ordinary small levels attached to the instrument 
Berve to place it in an approximate horizontal position. Complete in box. 

Price, as above, $580.00 
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No. la b. 
A] t.^ Azimuth. 



Alt* -Azimuth, as in cut. Circles 8 J inches diameter, micrometer-microscopeB 
reading to 5 seconds direct, and by estimation to single seconds. Telescope, 1.6 in. 
aperture; focal length, 16 J inches; power, 32 and 48. Telescope axis is of hardened 
steel and balanced by friction rollers. Reversing apparatus. Complete in one box. 

Price, as above, $920.00 
This instrument without reversing apparatus, .... less, $100.00 



No. 16 C, Alt.- Azimuth, asinctU ahove. Circles lOJ inches diameter, mio- 
rometw-microscopes reading to single seconds direct. Every single degree figured. 
Telescope, IJ-inch aperture ; focal length, 20^ inches ; power, 40 and 60. Telescope 
axis is of hardened steel and balanced by friction rollers. Complete in two boxes. 

Price, as above, $1300.00 
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Portable 3" Time Transit Instrument. 



As made by C. li. 

Transit Instrument, as shown, has 2^ clear 
aperture, by 24.45* focal length, with one Kelhier 
eye-piece power of 33 diameters and one large elbow 
eye-piece of 30 diameters; there are 5 time wires, 
spaced 20 seconds of time apart, and 2 closely 
spaced horizontal wires; a reflector in the center of 
telescope for illuminating the cross wires, and lard-oil 
lamp is attachable to either side of standard frame. 

Tne '6!' aluminum vertical circle is graduated 
on Sterling silver, has double opposite verniers read- 
ing to minutes, with one row of figures from to 
1^ to for zenith distances; circle reading when 
telescope points to the zenith ; reading glasses are 
attached, and a control level; it has a reversible 
clamp and tangent. 

The stride level has a value of 6 seconds of arc 
for A" run, provided with an adjustable mirror for 
reading the bubble. 

The standard frame is provided with two level- 
ing screws and one fixed point, with base plates. In- 



Berger & Sons. 

strum ent adjustable in azimuth by opposing capstan 
screws on one base plate; fimshed in our hancbome 
leather finish. 

The instrument is packed securely in two stout 
wooden boxes, to withstand long transportation. 

Weight of instrument complete, 130 pounds. 

Gross freight packed for shipment, 260 pounds. 

If instrument is to be used at several stations, and 
it is desired to pack same to permit of ready trans- 
portation from place to place, an extra charge for 
this special packing will be made. 

With rack motion for observing transit or stars, 

£xtra 

For striding level reading to single seconds of 
arc Extra 

Filar micrometer, reading to single second of 
arc u<-> .... Extra 

Impersonal micrometer /Vj^QG Extra 
Prices upon application. O 




fr^ Tif-£ri-£ i: T/jC: 



Portable Transit Instrument for Latitude Observatious. 

As made by G. L. Berber A Sons. 

No. 16. Aperture of object-glass 3 in.; focus 28 in.; spider-line or glass 
micrometer ; micrometer screw reads to seconds of arc ; spirit-levels read to seconds 
of arc ; diagonal eye-piece 80 dia. ; Kamsdeu eye-piece A dia. ; vertical circle 8 in. 
in dia. ; bell-metal pivots, two lamps and arms, adjustable reflector ; reversing 
apparatus ; two cases, er,c. 

Price $d80. 
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Portable Astronomical Transit Instrument. 

As made for U. S. Lake Survey. 



No. 17. Aperture of object-glass 3 in.; focus 39 in.; spider-line or glass micrometer; diagonal eye- 
piece magnifies from 00 to 120 dia.; Ramsden eye-piece magnifies 75 dia.; striding level reads to 
seconds of arc; adjustable mirror to read the level from below; reserve level; pivots of hardened steel ; 
small adjustable plane reflector; two lamps and arms; reversing apparatus; two finding circles each 
provided with double verniers; cast-iron frame rests on three leveling screws of steel, which are pro- 
vided with foot-plates — one of them is adjustable to set instrument. in the meridian; two cases, etc. 

Price $1300.00 

(Notice of this Instrument, with /uU description, in Johnson's New Universal Cyclopaedia, under 

article ** Transit.") 
The above instrument provided with an Impersonal Micrometer^ U. S* C. & O. S. Pattern. 

Price on application. ^<~^ j 
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Beflectiiigr Circle. 
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Artificial Horizon. 
Mercury Horizon of boxwood, with silver-plated oopper bowl; bottle of bo^ 
^ood for mercury ; bra^s rectangular roof with glass oorers made of parallel glass. 
All complete, packed In a box. Beat quality, imported. • « Price^ $50.00 
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Sextant. 

Sextant. Badius, 7 inches, 145<»; four eun-glasses between ttie large and tte 
email reflecting mirror, and three Bun-glasses behind the small refleoting mirror, all 
of which can be turned on their axis 180<> ; graduation on solid silver, reading to 10^, 
telescope } inch aperture ; two astronomical eye-pieces with powers of 6 and 10 dia. 
One Galilean telescope with extra large objective, power 3 dia. ; one fixed r<^ding 
glass ; two sights for examination and correction of the large reflecting mirror. All 
complete in box. Best quality, imported. . . Price» as abovey $130.00 
Sextant, as above, Badius 10 inches, all complete in box. • Prioe^ 150.00 
Pocket Sextant, best qualily «« 43.00 



Magnetometer, according to design Carnegie Institute, Dept. Terrestrial Mag- 
netism Price on application. 



Pendulum Apparatus for determining gravity. U. S. C. & G. S. Pattern. 

Price on application. 
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Current Meters, 

The tfpes of current meters, as shown in Figs. I, II» and III, in our former CataloKrues, have been 
Msitted, owine to the many improvements made and embodied in the Meter, as shown in Figs. IV, V, and 
VI, this Catalogue. We are, however, prepared to make to order Current Meter No. Ill, as designed by 
Mr. Qemens Herschel, if so desired. 

Current Meter No, IV. 

The electric form of meter shown in Fig IV is especially adapted for observationa 
apon large rivers, arms of the sea, etc. It has its registering apparatus above the sur- 
face of the water, or on the bank of a river, and current measurements may be made 
with it at any depth, and may be continued for a week, or longer, without stopping, if 
desired. Half a dozen or more of these meters may be strung on one and the same ver- 
tical rod or wire, and simiUtaneoua observations then taken of the velocities at different 
depths below the surface. 

This form was used upon the gauging of the Connecticut River* by (General Ellis, 
and was designed particularly to avoid the catching of floating substances, such as 
leaves and grass, upon either the vanes or the axis, and to render the record of the 
instrument independent of the position of its axis with respect to the line of the current, 
also, to get less friction upon the axis so as to measure low velocities accurately. 

This current meter is constructed upon the principle of Robinson's Anemometer, turning by the difference 
of pressure upon op>posite vanes of the wheel. The vanes of this meter, however, instead of being hemispher- 
ical cups with a straight stem, are made conical at the ends, and are hollow and taper to the centr^ hub, so as 
to offer no obstruction to the slipping off of straws, leaves, or grass, as the wheel revolves. The central hub 
is made tapering, so that any object can slide off easily, and it extends over the joints at the ends of the axis, 
so as to enclose and protect them from floating substances. The axis runs in iridium bearings. The forward 
end of the frame which carries the wheel can be turned and secured in any position, so that the wheel can be 
horizontal,'vertical, or at any desired angle. 

The electrical connection is made by carrying an insulated wire from near the center of the instrument, 
where the insulated wire from the battery is attadied to it by a binding screw when in use, out to the end of 
one arm of the wheel frame, where it ends in a fine platinum wire resting upon a ring in the hub of the whee>. 



This ring is made of alternate interchangeable sections of jdlver and hard rubber, secured in place by screws, 
so that their position can be changed to register whole or part revolutions as desired. There is aJso a socket 
and set-screw in the body of the ^me near the center, for the return current, which can be carried through a 



plain wire slightly twisted around the Insulated wire so as to form one cord. If the instrument is run upon a 
wire, or has a metallic connection with the surface, the return current can be made through that A better 
method now in vcmie is to use a ** twin '* insulated wire. 

The universal motion at the center of the frame and the tail are of the usual construction. This meter 
can be used in connection with any apparatus for registering the revolutions of the wheel by Uie breaks in die 
electric circuit. 

Price complBtey as in Fig IV, with electric register and one battery 

etc., packed in three cases, $195.00 

Price of this instrument without electric register and battery . . 135.00 

* For further information on this point, see Gen'l G. K. Warren^s Report of Surveys and Examinations 
of Connecticut River. 

H^e can have this meter ^ as well as Nos* V and VI y carefully rated at an additional expense of /rem 
$15.00 tc $25.00. Unless ordered othtrvaise, the instruments will be sent unrated. 

Current Meters No, V and No, VI. 

This form of Current Meter, invented by Fteley & Steams, t and illustrated on page 
198, is specially adapted for observations upon smaller rivers, streams, conduits, flumes, 
etc. The 3 J6 inch wheel has vanes of true gtandard screw pitch welded to the rim and 
axle and is perfectly balanced. All edges are sharp to cut the water to avoid eddies. 
Its axle is provided with points of iridium, so as not to be affected by grit in the water 

and to run in the bearings with minimum friction. These points, combined with ac- 
curate workmanship and good design, insure a permanent and unvarying rating curve. 

The instrumeut is provided with a registering apparatus, the dial wheels of which 
are completely protected by a glass cover readily removable at will. This counting 
mechanism is operated by a string, by means of which the dial wheels are thrown in 
and out of gear. One short pull throws them in and the next pull throws them out ; 
next in, and so on. 

Guards placed over this mechanism and the wheel protect them from injury and 
floating substances. Those of the wheel are far removed from it to avoid checking the 
flow of water. 

For more extended observations upon rivers, etc., a separate electric register and 
battery, shown on page 232, can be supplied with this instrument. 

Price of Current Meter No. V, supplied only with the ordinary 
registering apparatus, as shown in the main cut on page 232, and with 
12 feet of brass tubing, made in sections of four feet, and graduated in 
feet and tenths. Complete in two cases, $135.00 

Price of Current Meter No. VI, in all respects similar to that above, 
but in addition to the ordinary registering apparatus this instrument is 
provided with an electric register, one battery and copper wire, as 
shown in the smaller cuts on page 232. Complete in four cases, . . $4.95.00 

f For further information on this Current Meter, read "Description of some experiments on the Flow 
of Water, made during the Construction of Works for Conveying the Water of Sudbury River to Boston," by 
A. Fteley and F. P. Steams (Transactions of the Society of Civil Engineers, Jan.-March, 1883). Also, " On 
the Current Meter, together with a Reason why the Maximum Velocity of Water Flowing in Open Channels 
is Below the Surface,'*^ by F. P. Steams; a paper read at the Annual Convention of the American Society ci 
Qvil Engineers, St. Paul, Minn., June'2i, 1883. (Transactions, etc., VoL XII., August, 1883). j 
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Current Meter No, TV. 

As mmde by C. L. Berger A Sons. 
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tiinvjit Motors l?o. V and VI, 

For price, etc., see page 230, 

This No. VI. meter can be arranged to register single revolutions^and every 5 
revolutions. Price, extra Digiti?ed by^Lj $15-00 
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Tor the MUTeBienee of o«r eutoaiors we araead a list of niseellMeons artielei kept iR 
■M«k, hut aioct of then mre not of our mmnnfacture. ThoM Bot nmde by us are of tbe beat 
^aality obtaiaable, and the prices quoted are identieal with those in the market. 

Precision Pantogrraphs. 




The amu of these Panto- ^»*^^^E^^^SffC graphs, to avoid friction on the paper^ are suspended 
from a solid iron support (as will %j^r 09f (to "*= »®®" ^° *^"*)» ^® ^****' ^*°8 supplied with levels 
and leveling screws. The instru- / I I ment is capable of enlareing or reducing in all ratios, 

and is very useful for copying. ■ — ' The brass arms are hollow and square in crora- 

aection, and are divided to millimeters with verniers reading to ^ mm. For the accurate setting of the 
verniers slow motion screws are provided. All swivel )oints turn upon center points. The disengaging med^ 
anism is a special convenience. The ratios from J to ^(T are set with pole at end, those from f to T to f 
are set in the middle. The pole and pencil-holder are therefore interchangeable. 

No. 99. Suspended Pantosrraph. arms about 24 inches lonpr, in wooden case. 

Price, as above, $150.00. 
No. 100. Suspended Panto&nrapb, anns about 38 inches long, in woodf^n case. 

Price, as above $180.00* 

Note. — The Pantograph with 24-inch arms when set at | can circumscribe a i9-iach square, or an 
oblong I si X 24 inches, approximately. . 

The Pantograph with 38-inch arms can circumscribe a 31-inch square, or an oblong 274 x 39 inches, 
approximately. 

Compensation Planimeter. 




The compensation Planimeter illustrated above consists of two parts, which pack separately in the case» 
the tracing frame and the pole arm. The tiacing frame rests on 3 points, the measuring wheel, the tracer 
point and the roller. A finely polished steel ball, fixed at one end of the pole arm, rests in an opening of the 
tracer arm, forming a ball and socket joint. This joint forms the axis of rotation of the tracer arm. which by 
means of the pole arm moves on a circle as guide line ; at the same time it enables the tracing frame always to 
rest with its three points on the plan. The length of tracer arm is about 9 1-2 inches and pole arm 7 1-2 inches. 

The pole consists of a brass cylinder attached at one end of the pole arm. Its lower surface forms an 
edge at right angles to the pole arm, which by the rocking motion provided by this edge can be lowered until 
its other end, which carries the ball, is firmly secured in the socket. In the center of this brass cylinder a 
smill steel pin is inserted and kept' in place by a set screw. This pin terminates, at both ends in a finely 
hardened point, one of which projects slightly under the lower edge of the cylinder. The tracer arm is pro- 
vided with a vernier and micrometer screw by which it can be placed at any division mark on the tracer arm, 
which is graduated throughout in 1-2 mm. The axle of the measuring wheel, ending in finely made pivots, is 
of the he*, hardened steel working in cylindrical steel point bearings. With tl e Planimeter is supplied a 
proving bar, which enables by its graduations to describe several circles of known radii. 

In using, place the Planimeter approximately in the center of the area t'b be measured, so that the plane of 
the measuring wheel, if extended, passes through the pole. After obtaining the measurement by using the 
Planimeter with the pole arm on one side of the tracer arm, the pole arm may be placed on the other side and 
another measurement made. The mean of these two readings will eliminate any error ol the measuring wheel, 
thus this form of instrument is a compensation Planimeter. 

If the area to be measured is too large for the scope of the instrument it should be subdivided into smaller 
areas. According to the importance of results to be obtained, one measurement may be sufficient around the 
plan, but when very accurate results are desired it will be good practice to make 2 or 3 consecutive measure- 
ments with the pole arm on one side of the tracer arm and afterward the same number of consecutive read- 
ings with die pole arm on the other side of tracer arm, and by taking the mean of the averages of readings 
obtained, very close results will be obtained. 

The Compensation Planimeter is made of German silver and bronzed brass. 
The tracer arm is adjustable and graduated to the end, pole weight of improved pat- 
tern. Instrument complete in velvet-lined case, with table of constants for U. S. 
standard measure, adapting it to any scale. 



No, 107. 
No. 108. 



Price complete as above 



when specially rated 



Digiiized 



bi/C 



30.00 

34.00 
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Plain Polar Planimeter. 




This Planimeter is of German silver, with adjustable tracer arm fully gradu- 
ated, about 9 inches long, in polished mahogany box with proving bar. 

Price of instrument when rated ... $31.00 

** '' '' not rated but with all the improvements 27.00 

Precision Planimeters. 

These Planimeters are very much more accurate than the ordinary Polar Plani- 
meters. The graduated rollers do not touch the paper at all, but roU, instead, on a 
hard, highly polished surface of steel, thus eliminating all errors due to the irregu- 
larities of the paper sm-face. 

No. 109. Large Suspended Ball Planimeter. 




JVpi hfpt in sf<Hk 



This instrument is capable of doing very accurate work. The tracer arm is 11| 
Inches long, the pole arm is 6^ inches long, and the diameter of the toothed circle on 
the pole is 6^ inches. The angular motion of the tracer arm is about 90° 

Surfaces from 2^ x 4 inches to 7 x 10 inches can be measured without moving the 
pole. 

Price of instrument complete packed in morocco box . . . $75.00 



Large Boiling Ball Planimeter. 




The PknincLKief iHujitrated ali.ii^e ia made cif Gertnam silver aiJd 
bronzed brass, and enables to Dbtain reniilis ai greater accuracy than 
any other Planiitseter vet made, both t*n bi^ge and sma)! iurfacea. Thu 
taacerarm jb graduated ihroiighiim and h^sa length ur u hidie* wlikh C3in 
be mcrtssed by a len^heiicr t<j 33 inchea. lis anfiiikr mo] ion is about c^^. 
1 he two rrjliers are mad« of etactly equal dLimeiers, ensurioK a mmkn of tht 
instrument, a. -i a whoJe. in a straiehi Hne, A surface of any Icn^di and a width oE 
ao inches can be measured wuh the 32 inch iracerarniH 

Price of iris^nmient, with tefiriijjr bar enablin-r to check areas 
of knoua radii, and table o( Hcttini^^s, iu velvet -lined monx^co box 
With lock 

Digitized by V3 



$90.00 

O 
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Surveyors' Pocket and Marine Compasses. 




Vo. 115. 



No. 117. 



No. 112. Pocket Compass, with folding sights, 2|^ inch needle, . . • f 8.00 
" 113. *• ** 2>^ inch needle, Jacob Staff mountings, . . . 10.00 

" 114. •* ** 3>^ .4 1* •* . . . 12.00 

" 116. ** " with level, folding sights, 4-inch needle, with ball and 

socket joint, 13.50 

" 116. Vernier Pocket Compass, 4}i inch needle, " Tripod " and 2 levels . 2a 00 
" 117. Prismatic Compass, complete, with azimuth glasses, and divided alumi- 
num ring, 3 inch Leather Sling Case. Best kind, .... 30.00 

" 117a. Hutchinson's Prismatic Compass bronzed, of improved pattern nearly 

enclosed top, floating card dial, 2 inch, in morocco case . . 11.00 
** 118. Pocket Compass, watch pattern, brass, l}^ inches in diameter with 

hinged cover and stop to needle, ... ... 1.75 

" 119. Pocket Compass, gilt, watch pattern, with stop, enamelled dial and 

agate centre ; 1 or 2 inches in diameter 6.00 

" 120. Ritchie's Patent Liquid Compasses, of all sizes, from $33.00 to $35.00, 
$45.00 and $65.00. 



Miners' Compasses. 




No. 135. Miners' Compass, provided with stop and glass covers, for tracing 

iron ore, 3 inch Norwegian needle, $16.00 

•• 126. Miners' Compass, provided with stop and glass covers, 4 in. Nor- 
wegian needle „ 20.00 
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Leveling Bods 




No. 145 



No. 146 



Diaitized bv VaOOQlC 

No. 147 No. 150 



237 



Leveling Bods 

The leveling rods illustrated 

are of best make and are 

always carried in stock. 

No. 145. New York Rod. Qj% 

ft. extending to 12 ft., reading by vernier 
to lOOOths of a foot, with improved 
mountings . $14.00 

No. 145 a. Extra Tarjaret for 

N. Y. Rod for use with gradieiiter or 
stadia measurements . . 5.00 

No. 146. Philadelphia Rod, 

self reading, 7f\ ft. extending to 13 ft., 
reading by vernier to lOOOths of a foot. 

14.00 

No. 146 a. Extra Target for 
Philadelphia Rod . 5.00 

No. 147. Boston Rod. 6 ft. 

extending to 11 ft., reading by vernier 
to lOOOths of a foot . . 14.00 



Banging: Poles 




No. 149 



Philadelphia pattern 
12.00 



Philadelphia pattern 
12.00 



No. 148. Mining Rod. 

like No. 146, 5 f t. . 

No. 148 a. Mining: Rod. 

like No. 146, 8 J f t. . . . 

No. 148 b. Miningr Rod. N. Y. pattern like 
No. 146, 5 ft 12.00 

No. 148 c. Mining Rod. N. Y. Pattern like 
No. 146, 3| ft 12.00 

No. 149. Flexible Self-readingr Level Rod. 

10 ft. long, 3 inches wide. This rod is graduated on 
canyajs and can be rolled up. When used it is fastened 
upon a board with thumb-tacks . . . 3.25 

No. 150. Metric Level Rod. Philadelphia 
pattern, 2 metera to 3.7 meters . . 14.00 

No, 151. Metric Level Rod. N. Y. pattern, 
2 meters to 3.7 meters .... 14.00 

No. 151 a. Rod Level for plumbing rod 3.00 

Banging Poles 

Painted red and white alternately 

each foot. 

No. 152. Ran^ePole 

6 ft., ^ inch dia. 

No. 153. Range Pole, u*on tube round, 

6 ft., J inch dia 2.75 

No. 154. Rang'e Pole of wood, 8 ft., steel 
shoe 2.25 

No. 155. Rangre Pole, like No. 154 but 10 ft. 

2.50 



Solid steel octagon, 
3.00 







Nos, 



152 zift^Go^gie 
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Paine's Steel Tape Measures. 

^ iaeh wide. In Leather CMet,witli floeh handlet. 




STOo 160. 100 feet Paine's Steel Tape, divided in lOths, .... $il.oo 

** 161. 50 " ^' u u u *^ • . . . 600 

*♦ 162.100 " " " " *' ^* on one side, on the other 

in centimeters, • • 15.00 



Chesterman's Steel Tape Measures. 

% inch wide. In Leather Boxes. 




No. 163. 100 feet Chesterman's Steel Tape, divided in lOths, . • . $11.00 
" 164. 66 " ** *' *' *'..•. 8.00 

** 165. 50 ** *' *' " " . . • • 6.00 

♦« 166. 33 *V " *i '* " . . . . 5.00 

Pocket Steel Tape Measures. 

In German Silrer Cases, with spring and stop. 

No. 167. 3 feet long, divided in lOths 80 

♦' 168. 5 ^* ^' '• '* . 1.10 

^ 169 5 ^^ ^^ ^^ ^^ on one side, and in centimeters and mit 

limeters on the other side, 1»25 



Digitized by 



Google 



239 



Steel Tape Measures. 

H Inch wide. Patent Brass Frame with Handle. 




No. 170. 100 feet Steel Tape, divided in lOths, 
" ITl. 60 '' " " " 



$11.50 
6.60 



Steel Tape Measures. 

H inch wide. In Leather Boxes. 




6.60 



No. 172. 100 feet Steel Tape, divided in lOths, $11.50 

'' 173. 66 " " " *' '* ^-^ 

** 174. 60 " " '' " "• 

Luf kin Steel Tape Measures. 

^ inch wide. In leather case. 




2W. TX _^ 

203. I). ^^Es-«=ii^^^*^^ 103. D. 

No. 206. D. 100 feet Lufkin Steel Tape, divided in lOths, .... $11.00 

No. 203. D. 50 " " «. « ic u 600 

No. 103. D. 50 " •* " " ** •* i inch wide; 2| 

inch dia.; 5 oz. in weight; can be carried in vest pocket . . ^^. 4.00 

/GooQle 
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Surveyors' Chain Tapes. 

Heavy ^•inch Steel Tapes. 

Graduatiotis etched on bright raised surfaces. 
Graduated to single feet, end feet to tenths (one side only). 



"5iS5i 



isSSSi 




No. 176. 



No. 17oa. 100 feet, complete with reel 17.60 

'• 176b. 200 " " " " . . 10.60 

»' 176c. 600 " " *» '» 21.60 




Ko. 176. 



No. 176a. 100 feet, complete with reel , f7.60 

»* 176b. 200 *' " '* " 10.60 

»' 176c. 6QP • " '' " . 21.60 
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Lucas's Improved Steel Tapes. 

K inch wide. 

All tapes of this manufacture are made from the best quality of clockHapring steel, 
one-fourth of an inch wide, and of thickness best adapted to strength and flexibility, 
tempered straight, and graduated under tension, being drawn on steel bars made to 
correspond with U.S. standard, and are guaranteed to be as accurate as any tapes made 

in this country. The graduations are made each 
five feet or links, according to the style of tape, 
by brass or german silver bands firmly soldered 
to the tape, and marked each side with plain 
figures in such a manner as to be conveniently 
,.. ^^_. -__^ ^ read from either end without liability of enor 

Vii'; 'ii't'^f t*| YtM^^t ^^ co^Jit- Th6 intermediate points of feet or 
/ ^g^JLj^ w J JM^W links are marked by a small brass rivet through 
"rp ^^"^ Vs^BhP *^® tape, with raised head on each side so as to 
O^ ' qiHHF ^^ easily seen. Each end foot on Engineers^ 

tapes is graduated to tenths of a foot. The ad- 
justments for taking measure are so arranged 
that no difierence is made by the use of large 
or small marking pins, the measurement being made and taken from the same side of 
the pin. Soldering of the number bands secures them from peeling up or rusting 
underneath. The method of numbering avoids the necessity of changing ends of 
tape, it works same with either end forward. 

No. 178 D. 100 feet. Engineer's, graduated to feet, each five feet by soldered 

bands marked with figures, end Jeet to tenths of a foot $4 00 

No. 178 K. 66 feet, Surveyor's, graduated to links, with figured bands every five 

links 3.50 

Metal Reel, $2.00 extra. Ring handles included in price of tape. 
Tension and Temperature sent with each tape when sold 

Boe's Steel Tapes on Brass Reel. 

5< {nch vride. 

These tapes are made of superior steel, 
5^ inch wide, graduated every foot by a 
Drassrivet, end feet in tenths. Every five 
feet has a brass plate with the numbers, 
and every ten feet has a copper plate 
^^^^^^^ ^ with numbers. 

/^ '^^^^^ ^^^^ ^/ ^ ^;.Lz ^ They are graduated from a standard 

I \/|^ ""^i— >^— ^ tape certified to by an official of the 

I JV^ — * * • ' ^ U. S. Coast Survey Department as cor- 

^^/ rect at a temperature of 62° F. 

No. 179 14. 100 feet long, graduated every foot, end feet in tenths, . $5.00 
7A. 50 ** «« «« " «* '* « " « . 4.00 

Prices above include a Patent Brass Reel and pair of Patent Brass Detachable 
Handles. 

Brass Reel, without Tape, $1.50 

Detachable Handlss, per pair, 0.30 

Tape Repairer 





No. 179 P. Tape Repairer $2.75 

1000 Eyelets 1.26 

Complete Outfi; . . . (postage 17 cents extra) 4.00 

Note. — This repairer cuts a clean hole one-sixteenth of an inch in diameter through two thicknesses 
of the ordinary engineer's tapes, such as Lufkin's, Chesterman's, etc. No filing is required except to round 
the rough comers of the break. Place the tape on the rubber pad and punch the hole in the required place. 
Next place an eyelet on the pivot provided for it, insert it in the hole and rivet it. The first rivet holds the 
tape in position for cutting and riveting the rest. Repairs can be made quickly, without any danger of split- 
ting the tape, thus avoiding any chance of dirt coUectmg under the splices, of cutting the fingers when draw^^^ 
ing the tape through the hands, or catching in rags, etc., when cleaning. " O 
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Standard Steel Tape Measures. 

For eitj and bridge engiaeeriag, in lengths from 100 to lOOf 



No. 180< 




These tapes are of exact United States Standard and have no joints. They ave 
<jeneraUy made in lengths of 300 feet with graduations at every 10 feet, the last IC 
feet graduated in single feet, and the last foot into lOths. For railroad and under- 
ground work we frequently furnish them in lengths of 400 and 500 feet. A clamping 
handle can be furnished to attach to the tape at any desired length, if shorter 
measures than the whole length are intended to be made. We also can furnish a 
small brass clamp to fasten on the tape in order to mark lengths that are used re- 
peatedly. 
Price of tape 100 feet, graduated at every 10 feet, the last 10 feet graduated 

in single feet, the last foot in lOths, $6.30 

Price of tape 200 feet, graduated as above, 9-45 

** ** ** 300 '* " li ti 12.60 

if «i (t 400 t< « •* " 16.76 

♦* " " 500 " " «« «« 18.90 

£xtras to Standard Steel Tape Measures. 

Each additional graduation and figuring, $0.20 

Reel, handle and stop to wind up tape 3.50 

2 large bi*ass handles to unship, 2.50 

Clamping handles, each, ... 1.60 

Small brass clamp to fasten on tape, .75 



So. 



191 
192 
193 
*• 194 



Metric Steel and Metallic Tape Measures. 

In Leather Boxee. 
20 Meter Steei Tape, divided in meters and centimeters, 9 mm. wide $11.00 
10 " "- ** '' - '-' 9 '* 600 

20 •' Metallic Tape, divided in meters and centimeters, 17 mm. wide 3.50 
10 " Metallic Tape, divided in metert and centimeters, 17 mm. wide 2.76 
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Chains. 




ffo. 106. Surveyors* Chain, 2 poles, 50 links, No. 13 best steel wire, brazed 

links and rin^s, $5.50 

" 196. Surveyors' Cham, 4 poles, 100 links, No. 12 best steel wire, brazed 

links and rings, 9.00 

** 197. Engineers' Chain, 50 feet, 50 links. No. 12 best steel wire, brazed 

links and rings, 6.00 

*^ 198. Engineers' Cham, 100 feet, 100 links, No. 12 best steel wire, brazed 

finks and rings, 10.00 

Metric Chains. 

No. 199. 20 Meter Chain, 100 links^No. 12 best steel wire, brazed links and rings, 10.00 
" 200. 10 '* " 50 '* '' ^' *' *' '* " 5.60 

Extras to Tapes and Chains. 

No. 201. Pocket Thermometer, r $1.50 

*^ 202. Spring Balance and Level, 5.00 

Marking Pins. 




No. 203. Set of Markingr Pins, eleven in a set, steel wire. No. 6, • • $1.50 

$15.00 



Odometer. 

No. 204. Anlnstrumentfor mer>surin^ distances traveled by carriage, 



Pedometer. 

Ko. 205. An instrument for measuring distances walked, in german silver 

case, ofthe size of a watch, $5.00 
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liamp for Illuminatinsr Cross Wires. 



No. 209. Lamp for illuminating cross wires through the axis of the 

telescope when mounted at the side, for use in underground 

work, of brass and nickel-plated, with ground lens, . f 7.00 

** 210l Small Plummet Lamp, of brass, steel point, 16 oz., • 8.00 

** 211. Laige Plummet Lamp, of brass, steel point, 24 oz., • 1^00 

Box with shoulder straps, for pair of Plummet Lan^ 8«00 



No. 5ia 



Plfuninet Laiiip< 




So, ai2 




Plumb Bobs of Precision. 



No. 212. Plumb Bob of Brass, steel point, shape as in cut, 8 oz., • 
« 213. " •* ^ " " No. 212 11 oz., 



$1.75 
2.00 

in cut, 6 oz., • « 1.75 

" " No. 214, 9oz., . o , . . . 200 

patent reel adjustment, 8 oz., , . . . . 1.75 

12 oz., 2.26 

&00 
7.50 
220. Mercury Plumb Bob (body of steel) 12 oz., 5ji inches long % inch diameter , . . 2.26 ^. 

I60Z..6 « 1 « "... ^6 



214. 


«f « 


215. 


M •! 


216. 




217. 


M (1 


218. 




219. 


« n 



with steel shank passing through the body for shaft work, 3 lb., 
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Pocket Magnifiers. 





No. 221 



No. 224. 



No. 221. Zylonite Case, as in cut, size of lens 1 inch diameter, . . . |0.60 

*^ 222. '' '' '' 221, ^^ "IX ... .90 

*^ 223. '' '' *• 221, '' " l>i ^ '^ ... 1.15 

" 224. " " '* cut ** of lenses, l>i and IX in diameter, . 1.30 



Gossamer, Craveiiette and Silk Bag^s. 

No. 225. Gossamer or Waterproof Bag, to cover Level in case of rain or dust, $1.00 
*' 226. Silk Bag, to cover Transit with solid silver graduations . . . 1.00 
** 226a. Cravenette Bag to cover Transit, . . . . . 1 .00 

Lubricants. 

No. 227. Bottle of Fine Watch Oil, for lubricatmg Transit Centers, etc. . . ^.3C 

Utensils for Cleaning Instruments. 

No. 228. Camel's Hah- Brush $0.40 

** 229. StifE Brush for cleaning screw-threads .40 

'^ 230. Chamois-skin for cleaning lenses, centers, etc .50 

** 231. Stick for cleaning centers .30 

Spirit Levels. 

No, 232. Engineers' Spirit Levels of all sizes and grades of ^sensitiveness, accu- 

vately ground and tested by us. 
Per inch, according to length and diameter . • ^ • from $0j80 to f 1.00 

Surveyor's Umbrella 

Large, well-made umbrella designed as a protection 
from sun's rays and wind, during field work. Staff pro- 
vided with a side socket and shoe. Umbrella has rings 
to which guy lines may be attached. 

Code word, Tycum Price $6.00 
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Portable Anemometers. 

These instruments are extensively used in 
studying and controlling the ventilation of 
dwellings, public buildings, factories, mines, 
etc. 

The velocity of the air current is measured 
by means of a very light fan wheel, whose 
revolutioTis are recorded on a dial 

This fan wheel is very delicate, the vanes 
being made of aluminum, and the axis of hard 
•teel runs in j>wel bearings. 

The counting mechanism is enclosed in a 
dust-pro-^f case, and can readily be thrown 
into or out of action by a disconnecting lever. 

The instrument is provided with a thumb- 
screw for attachingit to a rod for use in meas- 
uring the velocity of air currents at any point 
on the surface of the earth, mine shafts, in 
pipes, conduit:* or narrow channels. In this 
case the canting mechanism is thrown in or 
out of gear by pulling on cords of different 
colors. 

This Anemometer is carefully rated and sup' 

plied WITH A CORRECTION NUMfiER. 

Anemometer, Counting up to 10,000,0W 
ft. ; diimeter of fan, 6 in. ; complete, packed in 
polished wooden box, $80,00. 





Code Wordi>< 
Twiuieaf. 

Twilum. 



The Brunton Patent Pocket Mine Transit. 

A pocket instrument which takes the place of a sighting compass, clinometer, pris* 
matic compass, andan Abney level or Locke's level. Weight 8 ounces. Price, $20.00 

Brunton Mine Transit with leather sling case, . ^. . 22.25 
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NEW PARTS FOR OUR TRANSITS AND LEVELS LIABLE TO LOSS 

OR ACCIDENT. 

The following list of parts of oar Transits and Levels can be supplied in emergency cases 
when it is impossible to send us the instrument. (Articles not given in this list cannot be fur- 
nished unless the instrument is sent. } 

NOTE. As we make many styles and sizes of instruments, a mere description in your letter of 
what is wanted may not be sufficient. For this reason to prevent mistalces and loss of time we 
always require the serial number and size of t tie instrument, and a rough sketch 
when the list below and the names given in the cross-section cut on pages 29 and 60 do not 
indicate the parts wanted. Sending the broken pieces will also help to identify the part and the 
size. 

We cannot undertake to work by sketch or measures, and only agree to send the parts men- 
tioned ift this list to fit as near as possible vrUhout having the instrument. (If we are to do the 
fitting to detached parts sent to us there will be an extra charge made for such final fitting in 
addition to the price given in the fist below.) 

Parts marked thus (* ) can be sent to fit approximately only. In all cases where single 
parts sent out such as a levehng or a tangent screw fits too tightly or too loosely a competent 
instrument maker should make the final fitting, and it is only when too far removed from one 
that a good local optician, jeweller or watch maker should do it. — If there is no one to make the 
final fitting in the town or vicinity, send us with the order the parts, such as the bracket for 
which the new tangent screw is required, or the leveling head for leveling screws, or level mount- 
ing tubes, frames for glass shades, etc., for proper fitting. 

Under no circumstances ever detach a standard, center, horizontal circle, verniers, or level arms, 
etc., from the instrument. 

Before ordering an article from the list below, please read Notes A. B. C. etc., 
pagre 249. 

When applying any personal treatment to parts requiring care, it will be well to first read the 
various chapters on ''Care of our inwtruments," etc., on pages 10 to 22 of our Manual, 
which is sent out with each instrument purchased also the various notes appended to this list. 

Emery must never be used in any form under any circumstances for fitting as this 
would spoil the part treated. 

Parts sent to us by mail should be REGISTERED to ensure delivery. 



The prieea below do not include regristration. 
tion is desired. 



Add 10 cents if registra- 



In order to a^old opening accounts for small amounts, the price. Including postage, (and 
registration If any ) should accompany the order. 



''"' *,?!!^ff.".IO CHANGE 



NEW PARTS FOR TRANSITS 

Illustration see page 20. 



JlOOd: (Cra^enette is supt>l 



lied for Transits, unless silk is specified) . 



Price Postage Code 
$1.00 .04 Acerb 



ROX. (New box cannot be supplied without having the instrument.) 

Plumb'bobs, see page 244. For Transits No. 1 and 5 use No. 213 2.00 .12 Ache 

..2,3,4,6.. .. 212. 1.75 .09 Achor 

Plumb bob adjuster . .15 .01 Acute 
Pocket magnlfyiag glassen, see page 245w For all styles and sizes of 

Transit except No. 4 use No. 222 ... .90 .02 

For No. 4 use No. 221 . .60 .02 

Set of rubber cushions (4 ) for outside bottom of mahogany box .30 .02 

Atfjustlug pins .08 .01 

Instrument packing piece (brass ring to screw instrument upon the slide 

board) 1.00 .10 



Adore 
Aigre 
Alcor 
Alpla 

Amber 



Tripod: 



(For entire tripods see page 120.) 

Tripod head (See Note B ) for instruments having four leveling screws 
^* ** complete with bolts, nuts and washers 
•• bolt (3J$.90) 



3. 



nut 

irasher 1. 

cap of aluminum 
leg full length, split, 
*• extension (See Note D ) 
•hoe 1. 2. 3. 



@ .35 
@ .05 



see Note C 



?• elamp for extension leg (See Note C ) 



@ 



Babel 
Bacea 
Badge 
Baftas 
Balmy 
Baneo 
Bandy 
Basis 
Baton 
1.00 .07 Bairin 



5.00 


.35 




.50 




.04 




.02 




.01 


1.50 


.10 


3.00 


Ex 


4.25 


Ex 


.35 


.06 



PRICES SUBJECT TO CHANGE 
WITHOUT NOTICE 

LeyeliDgr Head: 
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*I«eveltiig screir witb 1>all and socket cup attaclied (See Note A ) 
Cup only for leveline screw ......... 

Foot-plate on whicQ instrument is mounted. 

Spiral Spring for tangent motion ....... 

Spring bolt or plungrr 

Scrcvr cap at end of spring box case ......*. 

Hook and chain for plnmb bob snspcnalont 



1.80 


.04 


Capal 
Caddjr 


.26 


.01 


4.50 


.30 


Calm 


.20 


.01 


Calld 


.25 


.01 


Canal 


.25 


.01 


Caper 


.10 


.01 


Calmjr 



Horizontal Circle and Vernier Plate: 

Clamp acrew • • • 1.20 .02 J>ace 

♦Tangent acrcir (see Note A ) 1.00 .02 J>ale 

♦Vernier glaee, of plano-parallel crystal glass. (See Note E) 1,00 .03 ]>ater 

Oronnd glass shade for vernier . .*'*'". .60 .03! I>«lve 

Shade firame for ground glass shade (See Note B) .... 1.20 .02 I>lTan 

Spiral spring .20 .01 Depth 

Spring bolt or plnn^er . .25 .01 I>lglt 

ScreiT cap to hold spring in case . .25 .01 I>ltch 



Compass: 



Needle, (See Note F ) and pivot (must be fitted to the instrument ) 5.00 I>onial 

Pivot .50 I>onzel 

Olass eover. (plano-parallel crystal glass) 1.00 .14 Kldam 



Telescope's Cross Axis: 



Clamp screw (See Note G ) l.QO .03 

Splralsprtng ... ^ .01 

Spring bolt 25 .01 

Sere-vr cap for spring case ......••• '25 .01 

▲corns (protecting ends of cross axis ) . . . • . . . @ .50 .02 



Fadge 

Fagot 

Fancjr 

Feint 

Felon 



Vertical Circle: 

Sercirs for guard . 



.25 .01 Gnarl 



Telescope: 



(We cannot supply new object glasses and eye-pieces without 
having the instrument, or at least the telescope. See Note H. ) 
Cross and stadia ^Mrlrcs (see Note I. ) 

Cap for object glass for sizes No. 1 and 2 Transit, (li'' to 1^"^ dia.) 1.00 

'^ •• ^' " No. 4 Tfansit . (li" and less dia) ... .80 

'* " eye-piece erecting ........ 1.20 

" ** ** ** inverting ........ 1.00 

Sunshade, for transits of our regular size and kinds give diameter 

where it is to fit ........ .75 and 1.00 



.02 
.02 
.02 
.02 

.04 



Sairir 
Salse 
Harsh 
Helix 

Hoist 



Spirit Levels: 



Plate level, finely ground and graduated ..... 

Mounted in its tube when latter is sent us including registration 
Standard level finel.v ground and graduated .... 

Mounted in its tube when latter is sent us including registration 
Telescope level finely ground and graduated 

Mounted in its tube when latter is sent us including registration 
A4|it«tlng nut .......... 



$1.50 


.05 


Ibex 


1.95 




Ichor 


1.50 


.05 


Ideal 


1.95 




Ides 


3.50 


.05 


Image 


4.00 




Imban 


.20 


.01 


Incog 



NEW PARTS FOR WYE AND DUMPY LEVEIiS. 

For Illustration see page 60. 



For prices of other parts not given here see above list of Jfeiw Parts for Transits. 

Hood of gossamer rubber, give length of telescope over all . 1.00 .05 Jadea 

Stirrup locking pin . .70 .01 Janab 

Center nut at bottom of spindle . .35 .01 Javel 

Spirit level, finely ground and graduated, $4.50 .... .25t Jettjr 

Mounted in its tube when latter is sent us. 5.00 
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NOTES TO THE PRECEDING LIST OF ARTICLES 
SUPPLIED BY MAIL. 

49-3IOTE ▲. Concerning: Tangrent and Leveling: Screws. 

Tangent and leveling screws can only be made to fit as nearlv as possible without having the instrument in our 
shop. Both kinds are micrometer screws, made with great care and fitted to the particular instrument, and, therefore, 
are not interchangeable. When possible the tangent piece or bracket, or in the case of a leveling screw the whole 
leveling head should be sent us, so that we can fit it properly. 

If for liuitaAce the tangent screw sent you in the absence of the tangent piece or bracket should fit too 
tightly and you have nobody to fit it, then if you can wait, unscrew the tangent piece and send it to us by regis- 
tered mail. Make sure to replace each small screw into its screw hole in the plate. If the screws are transposed 
they may project through, touching the circle and injuring it. 

If you have an instrument repairer in your vicinity, he can fit the screw by working it in and out in its nut 
with a little tallow until it works freely, then in the temperate or frigid aone the tallow must be removed from the 
■crew and female thread by using a little benzine on a rag wrapped around a stick. When free from -tallow a little 
watch oil or vaseline should be applied as a lubricant. A jewelef or optician should be able to do this. 

Under no elreamstanoea should a.tky emerjr be used on one of these screws, as this would spoil it for 
ever. If n9t successful the entire tangent piece and the screw should be sent us by registered mail, as already 
mentioned. 

49-ivoTSB. Tripod head. 

When a new tripod head is required for an instrument having four leveling screws on account of its being 
bent, or the screw threads worn too loose, then geaerally a new lower foot-plate to leveling head (see list above) 
and a new packing piece to screw instrument to the slide board in box will be needed also. 

I 

49-ivoTB c. Tripod bolts, nuts, washers, clamps and shoes. 

Send us an outline sketch on paper obtained by running a sharp pointed pencil closely around the article 
desired. 

49-]!voT£i>. • Tripod legrs. 

As the extension tripod legs and clamps vary in siae and have been changed in style from those formerly sup- 
plied, it will be necessary to denote the sise by sending the outline obtained as in Note 0. 

49-ivoTB E. Glass shadcs, vernier grlasses and shade frame. 

Send the broken pieces or an outline sketch as described in Note 0. If the vernier glasses, etc. , sent are too large 
a local optician may grind them to siae. If too loose the frame should be narrowed at the top. 

49-NOTEF. Magrnetic needle. 

When a new needle seems to be required on account of loss of magnetism, the trouble is usually that the point 
oftbe pivot is dull and then needs to be carefally- sharpened to a line point or that the jeirel 
cap majr have b-oomc roncn or rnat^ and needs to be polished — /L very little macnctlsmi is 
required to make the needle work satisfactorily when the pivot point is sharp and the cap ivell polished. 
— To preserve the sharpness of the pivot it is neeessary to nse great oare in lomrering the 
needle onto the center point, since it nuty be dnlled the flrst time it is nsed if the needle is 
dropped carelessly upon its pivot. 

49-ivoTE G. Clamp screws to the telescope's axis. 

Only an ordinary regular telescope clamp screw can be supplied. All transits j>rovided with a striding level 
or a solar attachment require a clamp screw especially made with head of smaller diameter to enable the passage 
of these features around the head of the clamp screw when the telescope is revolved on its horizontal axis. A 
sketch with the siae and length of head is to accompany the order. 

49-iioTEH. Object grlass and £ye-piece. 

Sometimes it happens that an object glass is slightly warped by the excessive heat of summer, shown by a 
distortion of the image, making it impossible to obtain a sharp, well Hefined image, or that the extreme cold of 
winter may crack the balsam (see description of the telescope page 31 ^ with which the lenses are cemented to- 
gether, shown by numerous streaks or stars. (A few such streaks or stars are not hurtful, since they cut out 
only a very small amount of light.) Such an object glass should be sent to us for recementing. Then, in most 
cases, a nevt cell is also needed in which to mount it again which adds to the cost of repairing. 

In every permissib'e case the entire telescope should be sent us. After the object glass or telescope is returned 
to the sender it 1« necessary to readjust the cross Mrlres for coiliniatlon as explained uuder * 'Ad- 
justments" on page 54 of catalog. 

49-NOTJBi. Stadia wires. 

stadia wires must be fitted specially to the focal length of each object glass, and therefore, we should receive 
the entire telescope if posslbl**, or at least the objrct gla«s« and it virlll also b« ^Mreli to state 
ivhether the telescope is erect or inverting;, as othenvlse ^mts can only furnish the ivires ap* 
proxln&ately corrrcl. 

When a new object glass is required, now stadia wires as a rule must be supplied also. 
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JT/ifixftkoef 

2 „ Bolt 

3 „ „ Nut 
ji II II kwA^ir 
5 leg ' 
€ Fdot Plate 

7 Bat/ancfSocketJatnt 

8 Leye/ing f4ead 

9 II iScreHif 
fO H <ScreM^Cufys 
I I Shifting P/ate 
12 PiumbBobSuspendi'ngCi^ 
IS » Chain and Ho&k 

14 Repeating Center 

15 Clamp Collar 
I € Longer Clamp 

17 n M mmhScn^ 

18 a n TangentScrti^ 

19 n M 5pring,hk>tShown 

20 Piston, NaUhcrm 

21 Cap.NotJ/xw/T 

22 Inner Center js_ 

23 Horizontal Circle 

24 VernierPlate Clamp so 

25 tt 1 » fS'cr^ft' 

26 Vernier Plate 

27 t » Tangent 8nxi(^et ^^ 

28 0- ^^'^ sj 

29 iSpring 

30 TongentSprff^Piston 



31 



cop 



32 Horizontal Vernier at ^ 

33 Vernier coyer^ass 

34 Jhodenwne 

35 Glass ^M. 
3$ compass caivr5iass 

37 Heedie 

38 Piyot 

39 H Lifter 

40 ^rei¥Hei^d 
jSI Fron t Plate Le/el 

42 Wai 

43 ' Jki/ustingMilk 

44 1/ Rocker 

45 Standard tVithJklJustitigSLreHr 

46 /laJustablei^eBejrff^ 

47 CapandScre^s 
4S5ideleyel 

49 Adjusting Scre>^ 

50 » FasteningtScre^' 




51 SidiU^Rsdi^ 

52 it ^l 

53 ^iesofpeJb^is 

54 Barrel 

55 f0e pieceJisuntiF^ 

56 ^piralGro^i^^r^ 

57 ^fTvsfrialfyei^ece 

58 iyePiH^Cap 
5V f i^'ng 
S^ ^i^tki^e 

e/ ^iistfi^Scfemf 

64 fi tkn?ff 

05 t, J^0^ 

££ H ft i^mKf 

67 mart5iide 

08 Mead 

09 tf 0lassCeii 
7a ^ass 

71 t j^emst^i^rd 

72 JmShade 
j3Tele^<^CIamp 

74 t ^ ^cnfM^ 
jS # * imher 

75 , l^genttScrt^ 
77^rficalCir^ 

78 M * Qm-d 

79 M <Stnrfts 
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Circles. Reflecting 228 

Vertical 56, 155, 199-200 
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City Transits 150-169, 212-221 

Clinometer 119 
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Marine 236 

Miners' 236 
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Oblong 212 

Pocket 235. 246 
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Finish, Styles of 9 
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Interchangeable Top and Side Auxiliary 

Telescope, Style I 93-97, 189-195 
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Lateral Adjuster 205-207 
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Observation, Portable Instruments for 226 
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Lenses, Care of 12-13 

Short Focus 100-101, 190, 203 
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Dumpy 123-129 

" Adjustment 63-64 
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Geodetic 142-143 
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Rods 237 

" Spirit 118 
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Magnifiers 245 
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Variation of 7, 43, 44 
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Marine Gompass 235 

Marking Pins ,. ^243 

Measurements by Fixed Stadia Wires . . 88-92 
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" From Polaris 78 

Inclination 70 

Tables . . . 77 

" Observation for 71 

Meters, Current 230-232 

Metric Gbains 243 

" Steel and MetaUic Tapes 242 

Miners' Gompass . 235 

Lamps 244 

Mining Transits 182-209 
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Movable Arc 196 

Object Glasses, Abnormally Large 33 

ObJectrSlide. Protection to 8 

Oblong Gompass 147, 160, 212 
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Oflsetting Arrangement 8. 53 

Optical Adjustment of Instruments 27 
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Plummet Lamp 244 

Pocket Gompass 235 
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Time Transit 225-227 

Precise Level, Coast Survey 144 

" Engineers' 139-141 
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Prismatic Gompass 235 

Protection of Instruments 14 
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Repairer, Tape 241 
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Rods, Leveling 236-237 
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Sun •68.85 

To Fhid Meridian .... 68 
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Spirit Levels 6, 26, 44. 118. 245 

Care of 15 
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Stadia Arc, Beaman 165. 197 

Lines 6, 61 
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Measurements 6, 88-92 
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Standard Steel Tapes 242 

Steel Tapes 238-242 
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Paine ; . . . . 238 

Roe 241 
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Description of 6, 27-31 

Erecting .and Inverting 32 

Side, Adjustments of 93 

Solar 97 

Spider-line Dlapbragms ... 51, 122 

Top, Adjustable 95 

Theodolites 212-219 

Time Observation 86 

" Transit 225-226 

Transits, Adjustments of 27, 53-59, 93-97 

Astronomical 222-227 

City 150-169 

Cross Section of 29-30, 250 

Directions and Use of 53 

Engineers' and Surveyors' . . 150-169 

General Construction of 28 
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Mountain 176-183 

Plain 161, 168 
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Railroad 150-169 

Reconnoissance 182-183 
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Surveyors' 150-169 

Theodolite 184-185, 210-220 

Time 225-226 

Triangula tion 212-220 

Tunnel 210-216 

Wet Mine 194^195 
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Transportation of Instruments 18 

Transverse Striding Level 57 

Tripods 7, 120-121 

Tripods, Extension, See Note 120, 176 

Half Length 120, 188 

Split Leg 120, 188 

Tunnel 207 

Trivets 204 

Tunnel Transits 210-216 

Tripod 207 

Umbrellas, Surveyors' 245 

Variation Plate 7, 43-44, 98-90 

Vernier Attachment, Double Opposite . 155, 214 

Verniers 37-41 

Vertical Circles, Adjustments 65 
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Watch, Correcting by Sun 86 
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Wye Levels 59-«2, 130-137 

" Adjustment of 62 
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C. Li. Berger & Sons' Bevel-Limb Transit. 

The above cut represents our Bevel Transit as made by us to order since 1871. 

Note. While a bevel-limb graduation of a horizontal circle can be somewhat more readily seen than one on a horizontal 
surface, it is well to remember, before ordering instruments to be made so, that there are very serious objections to their 
general adoption for engineers' field-instruments. As will be seen in the annexed cuts, the sharper and therefore more 
delicate edges of the soft solid silver, necessitated by the bevel at the junction of limb and verniers, are much more liable 
to injury and wear in field use than the common horizontal graduation, where the same edges are carried down nearly rect- 
angularly below the graduated surface. Thus, while a bevel possesses some advantages when neti and well constructed^ 
it soon becomes impaired by slight dents and the edges rounded by brush or finger when dust and oxyd must be removed 
at certain times. It then can be read only with difficulty and becomes a source of great annoyance, particularly as the eye 
looks squarely at it, thus defeating the very object sought and rendering the instrument almost unfit for good work, although 
otherwise in good condition. We say this with an experience of twenty-five years to back up. To make it plain we must 
have recourse to the diagrams. Fig. e is the cross-section of a horizontal limb and vernier as commonly made. It is obvious 
that the fine silver edges at the junction of limb and verniers are in this form better orotected from wear, and also that, 
when slightly rounded by wear, or when the graduated surfaces are not in the same plane, the eye, being stationed at an 
angle of about 45*^ to the limb, requiring an observer to glance along the graduated lines, will more readily see and esti- 
mate differences in the reading of limb and verniers, thereby enabling him to obtain closer results, as verified by 
the superior results in triangulation obtained with horizontal graduations over bevel ones formerly in vogue. Fig. a is a 
cross-section of a bevel limb, showing the sharper edges of the graduated surfaces. When new and properly made the edges 
of limb and verniers appear the same as those m Fig. e and a c, but when worn off they will leave a big circular space between 
them, making the reading of an angle all the more difficult and uncertain. There are otner reasons, against their general adop- 
tion, such as that the standards for the telescope have in bevel instruments not the stability so important in angle-measuring 
instruments unless they are mounted on a special horizontal base provided for them, (instead of on the bevel surface of the 
upper plate) which means a great increase in weight, or that the distance between them be quite short, resulting in a shortening 
ot transverse axis of the telescope, as in the cut above, thereby increasing the instability of the same, particularly if the tele- 
scope is of modern power and length, besides reducing the size of compass, length of plate levels, and with this the degree 
of sensitiveness of the latter. In both these instances the standards are apt to change their distance apart affecting 
the adjustment of the line of collimation for near distances. — The greater expense of repairing, in case of accident, is also 
an item that should be considered. It is often double or triple that of a horizontal graduation. To our mind bevel gradu- 
ation should be confined to exceptional cases and to the larger instruments read by micrometer microscopes. 
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These prices do not include bag ($1.00), oil (.36) 
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